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4.0 SUBSYSTEX./SYSTEHS DEFXNITION 
4.1 ECLSS 
The ECLSS described herein is of the partially closed cycle option. The 
option has been selected as the result of a trade study on degree of ECLSS 
cycle closure. The options on cycle closure considered include: 
1. Open cycle: Shuttle-type ECLS 
2. Enhanced open cycle: Open cycle plus regenerative C02 removal 
3. Minimum closed cycle I: Regenerative C02 removal and close the 
hygime water and shover water cycle with a multi-filtration proceas. 
4. Hlnimum closed cycle 11: In addition to the regenerative C02 removal 
and Pulti-filtration subsystems, a post-treatment subsystem will process the 
humidity condensate for the &up hygiene water and part of the drinking 
water requirements. 
5 .  Partially closed cycle: Close 02, potable, hygiene and wash water 
cycles. Only food vill be resupplied. 
6. Completed closed cycle: Close all cyclea, including regeneration of 
food . 
. The trade study first rules out the completely close cycle option from further 
consideration due to the high cost and risk of developing food regeneration 
technology. For the other options the launch weight/volume decrease with 
closure of the ECLS cycles, while the power requirements increases with the 
cycle closure. The life cycle cost savings realizable by the ECLS of the 
p~rtially closed cycle option will certainly overwhelm the additional DDT&E 
costs required in a short period of Space Station operation. The trade study 
concludes that the partially closed cycle ECLS strikes the optimum balance 
between developmental costs, technology risk and resupply penalties for 
station application. 
Though the trade study strongly suggests that the partially closed cycle 
option embodies the "optimum" degree of cycle closure, the concept of an 
evolutionary Space Station may dictate that varying ECLS configuracions be 
adopted for different versions of the station. For example, during the 
initial buildup of the station, an ECLS with a lower degree of cycle closure 
may be used for intermitten manned occupancy of the station by a small crew 
prior to installation and activation of the habitat module. Only vhen 
continued manned occupancy of the station by a large crew begins, will a 
partially closed cycle ECLS be needed. 
To accommodate evolutionary changes in the station, the partially closed cycle 
ECLS must contain sufficient modularity and flexibility in design. That is, 
the design shall allow incorporation of additional capabilities without 
reincurring DDTdE clsts, as the crew size and habitable area increase with the 
incremental buildup of the station to fulfill the mission requirements. The 
design shall also be able to adapt to, without requiring major alterations, 
advances in the state-of-the-art ECLS concepts from which processes with 
greater energy efficiency, process yield, reliability and maintainability vill 
emerge. 
A preliminary conceptual design of the partially closed cycle ECLS satisfying 
the above requirements has been developed for each of the initial and the 
growth versions of the station. The two versions of ECLS are essentially the 
same except in numbers of the subsystatns distributed in the station modules. 
The ECLS is illustrated in the integrated system schematics shown in figure 
4.1-1 .  The ECLS is applicable for all three station configurations, i.e., th= 
SOC, Streamlined and Delta configurations, since they have the same nmber of 
modules. 
The ECLS uses a regenerative C02 removal subsystem to collect the 
metabolically generated C02. The CO2 collected is delivered to a C02 
reduction subsystem in vhicli the C02 is converted to water via hydrogenation. 
The vJter produced by C02 reduction and the humidity condensate collected in 
the heat exchanger for cabin temperature and humidity control are used 
together as 2otable water for drink and food preparation after being sterlizcd 
through a post-treatment process. The 02 supply is provided by a vater 
electrolysis process which dravs water from hygiene water storage/supply. The 
hygiene, shower and urine water recovery subsystem employs a phase-change 
process with pre- and pout-treatments to produce quality water for hygiene 
shover electrolysis uses. The N2 supply is provided by a cryogenic or high 
pressure gas nitrogen storage. A dishvasher and a clothes washer/dryer are 
installed to provide additional crev codort and to enable further saving of 
expendables. The effluent vash water is reclaFmed by a filtration vash water 
recovery subsystem. An example of the mass balance schematic of the initial 
version ECLS is given in figure 4.1-2 .  The mass balance is for an eight-man 
crev and all flow rates are in lblday. It is noted that SPE, EDC, Sabatier, 
and VCD are chosen as the 02 generation, C02 removal, C02 reduction and 
hygiene vater reclamation processes in the schematic only for the purpose of 
illustrating the ECLS subsystem mass balance. The baseline subsystems for 
these functions have not been selected. 
The ECLS also contains other components which are common to ECLS of both 
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open-cycle and closed-cycle options. These components include air pressure 
control panels, condensing heat exchangers, trade contaminant control 
subsystcrns, water separators, fans, potable, hygiene and wash water storage 
tanks, waste vater holding tdnks, air and vater quality monitors, hand wash. 
water heaters and chillers, slingers (commodes) urin collection units, fire 
detection and suppression, personnel escape, and EVA support subsystems. 
~lthough the integrated ECLS is comprised of the subsystems mentioued above, 
it is not necessary for every habitable module of  he station to have all the 
subsystems. Depending on the criticality of the functions performed by the 
subsystems, the subsystems can be economically allocated to provide adequate 
fail/operational redundancy for the Space Station after IN. For this 
purpose, the ECLS subsystems are hssembled into the following functional 
groups: 
1. Fire detection and suppression 
2. C02 removal 
3. Cabin thermal control - including temperature and humidity controls 
and ventiiotion 
4. C02 reduction 
5. 02 supply - oxygen generation 
6. N2 supply 
7. Atmosphere control - including N2/02 panel, trace contaminant 
control, atmosphere monitoring and microbiologjcal control 
8. Potable vater reclamation - including water quality monitoring, pre- 
and post-treatment8 
9. Potable water storage 
10. Waste management - commodes and urinals 
11. Shower 
12.  flandvash 
13.  Laundry - c l o t h e e  waeher and d r y e r  
14. D i s h a s h e r  
15 .  Wash v a t e r  r e c l a m a t i o n  and s t o r a g e  
16.  Emergency escape  - POS and B a l l s  (PBS) 
17 .  Emargency oupply - 0 2 ,  b12 and v a t e r  
1 8 .  EVA euppor t  - i n c l u d i n g  two s u i t s  and backpacks I I 
The recommended f u n c t i o n a l  a l l o c a t i o n  of t h e  ECLS which p rov ides  r e a s o n a b l e  
c a p a b i l i t i e s  and redundancy t o  sa  t i r f y  t h e  i n c r e a s i n g  requi remente  and t o  1 
accommodate t h e  growing c o n f i g u r a t i o n  of t h e  e t a t i o n ,  i e  g iven  i n  t a b l e e  4.1-1 and , 
4.1-2 f o r  t h e  i n i t i a l  and growth Space S t a t i o n ,  r e o p e c t i v e l y .  The w e i g h t ,  and : 
i 
volume requi remente  of t h e  f u n c t i o n a l  g roups  a r e  g i v e n  i n  t a b l e  4.1-3. A11 t h e  ! 
4 
eubeysteme a r e  o i zed  f o r  a  four-men c a p a c i t y .  S ince  e w e  subeyotems, eucb a s  C02 
, 
I 
removal ,  02  g e n e r a t i o n ,  and v a t e r  r e c l a m a t i o n  have more t han  two u n i t s  i n  t h e  ! ! 
s t a t i o n ,  t h e  o p e r a t i n g  p o l i c y  v i l l  produce unnecessary  c a p a c i t y  a t  t h e  expense of I 
e x t r a n e o u s  p w e r  consumption. To op t imize  t h e  power c u r a m p t i o n ,  du ty  c y c l e e  have 1 
! 
t o  be s e t  f o r  a l l  subsystem u n i t s .  The d a i l y  ave rage  p w e r  r equ i r emen t s  of t t  
Y 
subsys tems,  baeed on an evenly  d i e t r i b u t e d  m e t a b o l i c  load  i n  t h e  a t a t i o n  modules,  4 J
a r e  g iven  i n  t a b l e  4.1-4 and 4.1-5 f o r  t h e  i n i t i a l  and g r o v t h  v e r s i o n s  of ECLS, 
:i 
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TABLE 4.1,3 ECLS FUNCTIONAL GROUPS WEIGHT AND VOLUME REQUIREMENTS 
FUNCTION 
(NO DUTY CYCLE)  
WEIGHT VOLUgE 
( LB) (FT ) 
F i r e  D e t e c .  6 Supp. 46 
C 0 2  Removal 190 
Cabin Thermal 
C o n t r o l  390 
C02 Reduct ion 90 
O 2  Supply  180 
N 2  Supply  415 
Atmospheric 
C o n t r o l  360 
P o t a b l e  Water 
Reclamation 600 
P o t a b l e  Water 
S t o r a g e  240 
Waste Management 560 
Shower 120 
Handwash 7 5  
Laundry 90 
Dishwasher 30 
Wash Water Recla-  
mation 6 S t o r a g e  400 
Emergency Escape 240 
Emergency Supply TBD 
EVA Support 50 1 
30 
9 
TBD 
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4.2 T h e m 1  Control  Subsystem Descr ip t ion  
4.2.1 I n t r o d u c t i o n  
F )r t h i s  eva lua t ion ,  u n l e s s  o therwise  noted,  t h e  f o l l w i n g  gu ide l ines ,  
r e q u i r e w n t s ,  and amrr rp t ions  were used: 
1. Orb i t  t h e m 1  environment 
a. I n c l i n a t i o n :  2855" 
b. Al t i tude :  270 n. dl- 
c. S o l a r  beta  angle:  52O 
2. Separate  coo l ing  s y s t m  f o r  f w l  c e l l s / e l e c t r o l y s i ~  (160OP average) 
and c r e v  c d o r t ,  e t a t i o n  housekeeping, and users (70°P average).  As s t a t i o n  
ri\quirements b e c o ~  b e t t e r  de f ined ,  a t h i r d  temperature  l e v e l  (say 40°F) may 
be d e s i r a b l e  t o  better a c c d a t e  c r e v  metabol ic  and l w  t e r p e r a t u r e  
experiment requirements.  
3. Vehicle waste h e a t  c h a r a c t e r i s t i c s :  Tables  4.2-1 and 4 .2 -2 .  
4 .  Radiator  s u r f a c e  coa t ing  p r o p e r t i e s  (end of l i f e ) .  
a .  l n f r a r e d  e m i s s i v i t y  (6 ): 0.78 
b. S o l a r  a b s o r p t i v i t y  (4 ): 0.20 
5. Radia tor  fLn e f f i c i e n c y  (q): 0.85 
6. Radiator  u n i t  weight: 1.0 l b s / f t a .  
7. S t a t i n n  rnu l t i l ayer  i n s u l a t i o n  c h a r a c t e r i s t i c s  
a Number of l a y e r s :  20 
b. Unit weight: 0.25 l b s / f t a .  
8. D i r e c t  thermal r a d i a t i o n  blockage (view f a c t o r )  e f f e c t s  considered 
but i au l t ip le  r e f l e c t i o n  (gray body f a c t o r s )  between e t a t i o n  elements n o t  
evaluated.  
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9. No load sharing between station modules (i.e, a module with excess 
IlI2dt rejection capability from its body-mounted radiators does not reject heat 
iron other modules). 
4.2.2 Comon Design Features 
The following discussions provide more detail on some of the thermal control 
considerations presented in section 3 . 2 . 3 . 5 .  
4 . 2 . 2 . 1  RadiaLors 
Candidate radiators (body-mounted and deployed/truss-mounted) for the Space 
Station will use heat pipes as discussed in section 4 . 2 . 1 . 8 .  The heat pipes 
will use the high capacity mocogroove configuration shown in figure 4 . 2 - 1 .  In 
this approach, the deployed or truss-mounted radiators will be constructed in 
space with a RHS as illustrated by figure 4 . 2 - 2 .  Each individual radiator 
element (about 1' vide by 50' long) can be removed and replaced if damaged. 
The heat pipe radiator elements are "plugged In" to contact heat exchangers as 
shovr. by figure 4 . 2 - 3 .  These hcat exchangers provide a loose fit for the heat 
pipes when they arc intiially plugged in. A clamping action is then provided 
by the contact hcat exchanger, thus giving the contact force needed for good 
heat transfer contact conductance. 
4 . 2 . 2 . 2  Heat Acquisition and Transport 
As mentioned in section 3.2.3.5.2, the candidate ATCS design uses a "thermal 
bus" concept. The operation of the "thermal bus" can best be described by 
referring to figure 4 . 2 - 4 .  First, fluid leaves the condenser as subcooled 
liquid and then enters a central mechanical pump which raises the liquid line 
pressurG above that of the vapor line. Plow modulation valves control the 
flow of liquid to each module interface heat exchanger, sensing temperature to 
vary the valve setting. At each heat exchanger, liquid is vaporized and flows 
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to the vapor line and back to the condenser. Liquid leaving the condenser 
will be subcocled prior to entering the pump. The pump will further increase 
subcooling by raising the liquid pressure. At the heat exchanger entrance, 
eubcooling will be essentially lost as the liquid prebsure drops to near 
saturation across the valve. The heat exchangers in this case need only a 
modest capillary rise capabilit,. similar to that of conventions! grooved heat 
pipes since it is needed o ~ l y  to position the liquid vithin the axchanger. 
In order to control the valve setting and t h u  :he flow of liqulr' ' each heat 
exchanaer, sensors suet be k ~ e d  to open and close the valves. T ..- could be 
temperature sensore placed either on the payload itself or on the ueat 
exchanger in a location specifically designed to dry out preferentially. This 
could be accomplished by the use of a vider groove with a mil electrical 
pawer input (few watts) to provide a positive signal under no load conditions, 
An alternative to temperature sensors vould be liquid level sensors which 
sense the presence of liquid in a groove. 
In order for these heat exchangers to transfer heat from the thermal bus to 
the payloads (act ae a condenser), the flow modulation valve could be a 
three-way valve coupled to a small diameter liquid suction line provided to 
return the condensate to the pump inlet. i a  reality, the flow modulation 
valve is a three position/two-way valve since only two ports are open at any 
one the. As a heat exchanger temperature drops, vapor will flow into the 
heat exchangere from the vapor line, condense, and flow back to the pump 
inlet. The same temperature sensor could be used to control the valve setting 
for evaporation or condeneation. Where it is know that only certain payloads 
will required heat, these heat exchangers vould be coupled to the liquid 
suction line via the three-vay valve. 
4.2.2.3 C o a t i n g s / I n s u l a t i o n  
The thermal  s u r f a c e  t r e a t m e n t  of S p r l e  S t a t i o n  e l emen t s  i s  a n  i n t e g r a l  p a r t  o f  
t h e  o v e r a l l  a c t i v e  and p a s s i v e  t he rma l  d e s i g n  and must be s e l e c t e d  t o  o b t a i n  
and a c c e p t a b l e  h e a t  b a l a n c e  t h a t  w i l l  n o t  r e s u l t  i n  l o c a l  condensa t ion  on 
i n t e r n a l  s u r f a c e s  of p r e s s u r i z e d  volumes,  excessive h e a t  l e a k ,  o r  v i o l a t e  
s t r u c t c r a l  and subsys tems t empera tu re  l i m i t s .  
The s e l e c t i o n  of p a r t i c u l a r  s u r f a c e  p r o p e r t i e s  i s  h i g h l y  dependent  on t h e  
p a s s i v c  t h e m ~ l  d e s i g n  approach;  t h a t  is ,  d e s i g n i n g  t h e  e l emen t s  a s  thermos 
b o t t l e s  o r  d e s i g n i n g  f o r  maxFmum h e a t  l o s s  t o  t h e  e x t e r n a l  env i ro l lnen t .  The 
f i r s t  ap:roach t e n d s  t o  maximize r equ i r emen t s  f ? r  h e a t  r e j e c t i o n  whcreas t h e  
second can reduce  t h e  s i z e  and weight  of s c t i v e  h e a t  r e j e c t i o n  sys t cms .  For  
p r e s s u r i z e d  e l emen t s ,  p a s s i v e  h e a t  l o s s e s  i n  t h e  range  of  t h r e e  t o  f i v e  
B T U / F X - ~  t f o r  e x t e r n a l  s u r f  a c e  a r e a  a r e  c o n s i d e r e d  achiev ;b le .  
A v i d e  range  of  s o l a r  a b a o r p t i v i t i e s  and e m i s s l v i t i e s  a r e  a v a i l a b l e  i n  p a i n t s  
and f i l m s  b u t  t h e s e  pose  some degrac is t ion  and main tenance  problems. T r e a t e d  
me ta l  (anodized  and a i o d i n e a )  s u r f a c e s  c;n t h e  o the rhand  r e q u i r e  minimal ,  if 
any ,  r e fu rb i shmen t  b u t  do n o t  o f f e r  t h e  r ange  of  s u r f a c e  p r o p e r t i e s  a v a i l a b l e  
i n  p a i n t s  and f i l m s .  S p e c i f i c a l l y ,  low s o l a r  a b s o r p t i v i t y  t o  e m i s s i v i ~ y  
r a t i o s  i n  t h e  0.10 t o  0.20 r ange  f o r  a p p l i c a t i o c  t o  r a d i a ! , j r s  and modules 
cannot  be ach i eved  s i n c e  t h e  a b s o r p t i v i t y  t e n d s  t o  i n c r e a s e  w i t h  e m i s s i v i t y .  
However, t h e s e  t r e a t m e n t s  can  be a p p l i e d  where d i r e c t  s o l a r  i n c i d e n c e  does  n o t  
e x i s t  o r  where h igh  s o l a r  a b s o r p t i v i t y  t o  e m i s s i v i t y  r a t i o s  a r e  a c c e p t a b l e .  
Space S t a t i o n  r equ i r emen t s  encompass a l i f e  time of 30 y e a r s  i n  low e a r t h  
o r b i t .  Degrada t ion  of t he rma l  c o n t r o l  p d n t a  b e g i n  t o  be s i g n i f i c a n t  i n  t v o  
t o  f i v e  y e a r s  due t o  u l t r a v i o i e t  & , a d l a t i o n ,  con tamina t ion  s o u r c e e ,  a ~ d  a tomic  
oxygen e f r e c t s .  Fi lms have been found t o  be s t a b l e  f o r  f i v e  y e a r s  o r  more, 
The problem of r e fu rb i shmen t  i s  t h e  prime d r i v e r  i n  a p p l y i n g  t r e a t e d  m e t a l  
surfaces where p r a c t i c a l ,  o r  i n  desensitizing t h e  des ign  t o  degrada t ion .  
Since  t h i s  w i l l  on ly  be ach ievab le  on a l h i t e d  &is# systams nuat be devised 
f o r  p e r i o d i c  renewal of s u r f a c e  p r o p e r t i e s .  
A l l  p ressur ized  elements and p i e r  genera t ion  modules v i l l  r e q u i r e  i n s u l a t i o n  
t o  c o n t r o l  t h e  hea t  g a i a e  and l o s s e s .  The h u l a t i o n  s i z i n g  a long  v i t h  t h e  
t b e w a l  c o n t r o l  c o a t i n g  w i l l  be s e l e c t e d  t o  minimize t h e  s i z e  and complexity 
of t h e  a c t i v e  h e a t  a c q u i s i t i o n  and r e j e c t i o n  system. 
I n  t h e  case of t h e  satellite s e r v i c e  s t r u c t u r e ,  CHV and OrV hangars,  
i n s u l a t i o n  vill be a p p l i e d  t o  modulate t h e  l a r g e  swing in o r b i t a l  enviromnents 
t h a t  would be experienced i f  unprotected and thereby minlmize s t a t i o n  power 
requiremeats and payload thermal systems opera t ions .  
W's, propuls ion modules, p r o p e l l a n t  t anks ,  and d i s t r i b u t i o n  systems r e q u i r e  
a thennos b o t t l e  des ign  t o  minimize makeup hea t  l o s s  requirements.  
A l l  of t h e s e  a p p l i c a t i o n s  can be a c c d a t e d  v i t h  l igh twe igh t ,  h igh 
performance, m u l t i l a y e r  i n s u l a t i o n  s y s t e m  which a r e  v i r t u a l l y  maintenance 
f r e e .  m e r e  micrometeoroid s h i e l d s  e x i s t ,  such as around modules, t h e  
i -qu la t ion  vill be loca ted  beneath t h e  s h i e l d  on t h e  m d u l e  s t r u c t u r e  w i t h  an 
o r g a n i c a l l y  coated aluminized f i l m  cover.  For e x t e r i o r  s u r f a c e s ,  a  g l a s s  
c l o t h  aluminized f i l m  lamina te  t o  reduce g l a r e  w i l l  be app l i ed .  
4 .2 .2 .4  Propuls ion System 
Refer t o  s e c t i o n  3 . 2 . 3 . 5 . 2 .  
4 . 2 . 2 . 5  Antenna System 
Refer t o  s e c t i o n  3 . 2 . 3 . 5 . 2 .  
4.2.2.6 So la r  Array 
Paes ive  thermal c o n t r o l  of t h e  e o l a r  a r r a y  can be obta ined t o  a emal l  degree  
by o p t i m i z l q  t h e  o p t i c e l  p r o p e r i i t u  of t h e  s u r f a c e s .  Givem a t y p i c a l  s o l a r  
cell with effective absorptance of 0.68 and emittance of 0.81, a range of 
solar panel m a x h u m  and minimum temperatures at a solar Beta angle of 0" in a 
solar inertial attitude were computed for various backside emittances and 
absorptances. The results shown in figure 4.2-5 indicate that the temperature 
does not vary w c h  for the common range (cross-hatched area) of properties. 
Yor a kapton substrate with 4 and t: of 0.44 and 0.8, respectively, the maximum 
and minimum temperatures are 156°F and -139°F. (Typical of PEP solar array, 
reference PEP Solar Array Definition Study Final Technical Report, TRU Defense 
and Space Systems Group, TRY 35515-6001-RU-00, December 1979, page 98.) With 
worse4 andd of 0.5 and 0.7 the maximum and minimum temperatures are 166OF 
and -135"F, and f o r d  and 6 of 0.2 and 0.9 they become 138°F and -142°F. 
4 . 2 . 2 . 7  Verification 
Integrated thermal control system verification experience is based on past 
programs which considered two rypes of vehicles (one time use and reuseable). 
The verification approaches were oased primarily on risk assessment and 
funding available. For example, Apollo required ground thermal vacuum tests 
and analyses supported by minimal flight tests to provide confidence in the 
thermal design prior to flight. On the other hand, the Orbiter allowed for 
major in-flight testing as a result of its systems redundancy, ability to 
manage the thermal environmect and quick return to earth capability which all 
tended to minimJze risk. Ground tests were limited to radiator/heat transport 
systems, insulations, and minor heater system and components tests. 
Verification of the integrated thermal control system was basically by 
analysis prior to first flight. 
The Space Station presents a third type of vehicle which falls somewhat 
between the first two types. That is, the station is a continuous use vehicle 
with limited return to earth capability. Table 4.2-3 presents considerations 
which l~rrst be addressed in determining the overall approach to verification of 
the integrated thermal control system. These include environment, vehicle 
operational capability, design sensitivity and margins, degree of systems 
isohtion, design coamonality and risk. Table 4 . 2 4  provides a comparison of 
ground d flight (Orbiter and station buildup) testing. 
Thermal g r d  test objectives could be extended in scope to include 
acceptance/verlf icat ion testing of mdulea/subsystems, payload inter£ ace 
development/verffication, software checkout/verification, habitability and 
crew interface assessment, procedures checkuut/verification and fault 
isolation and maintainability assessment. 
4 . 2 . 2 . 8  Technology Assessment 
There are a number of BITS technology limitations and challenges for Space 
Station as summarized by Table 4.2-5. 
Under OBST sponsorship and as approved 3y the Space Station Technology 
Steering Committee, a NASA-uide thermal technology program is underway to 
aatlsfy these technology limitations. The objectives of this program as it 
relates to a Space Station ATCS are e\nrmrarized by tables 4 . 2 - 7 ,  4 . 2 -8 ,  and 
4.2-9 .  The heat rejection or high capacity heat pipe radiator technology 
development started in 1979 is at the highest level of technical maturity. 
Full scale prototype units (1' by 50') vill be tested under the& vacuum 
conditions in JSC's Chamber B during January 1984 tests. This testing will be 
complemmted by extensive design support testing already successfully 
accomplished under sea-level laboratory conditions. In addition, tests of O-G 
priming characteristics have been successfully demonstrated in KC-135 flights. 
b e t  recently, a smell-scale heat pipe radiator experiment was flovn on STS-8 
vhere thermal performance vae succesefully demonstrated under actual orbital 
condit lone. 
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0 SPACE STMIOH V E R I F I C A T I ~  CXXSIDERATIONS 
o SPACE STAXIW 'RUMAL ~~ I S  A FIXED CYCLE 
- INITIAL PLIGHT WIROWWFT DEPmH!iT ON LBUNCH DATE BM) TIME UITH 
E S S m W I L Y  B10 Qli-ORBIT EffKDUL W l R O U k X I  ~~ 
- PAST VEHICLE ENVIROXHENTS COULD BE WANdGH) BLLOYLW; SOME VEBSBTUm 
AHD ctH'?SEBVBIIIsH I N  UITLAL FL1m T m m  
o SPACE STATION I S  A (;OUTIIiTJd USE VEHICLE YITH LIMITED CAPABUITY TO 
BETWJ MODULES TO K4RTH FOB HODIFICATIOfl 
- BeDSEllBLE QUICK REruRN m1cm FIT m y  X i L  WITH in-FLxm 
TESTING SINCE EXVIBOlMDiT CAN BE PWAGEl.? AND HUDS ( I H m B T I Q b T ,  
-, m.) MADE, DUBIHC #ON-PLIGBT PEBIODS ON TBE 
BESPORE SUBJECTIBlG VF3iIU.E TO MORE SEVERE ICrVIUBDWIS 
- INPLIGHT l l E R W L  TESTING COULD BE ACCUMPLISEIED USING TEST ARTICLES 
fbl ORBITEB PLB OR DEPLOYED 
- DEPLOYED TESTING W E B S  TEST ARTICLE BTTITIJDE COIVTROL CAPABLLITY 
- I N  BAY TESTS LIMITS ENOIROMWiT AND BEQUrBES AULYSPS BM) 
EXTBBWIArIrn TO REAL muom 
- ZZIGlfT TEERHAL TESTING OF A m &  STATION D U R I N G  BUILD UP ST- 
REQUIRES GROUND CO#TBOL OP P O W  AND OTHER SWSYSTEX FU?KTIOHS AND 
EiAS POIEWTIAL OF IXPACTING BUILD UP BKD O P ~ I O N A L  SHCEDULES AS 
YEU AS UPEBBING CBEY U S R S  
- GROUND TESTS PROVIDE W E R  PLEXIBILITY IN DETERKUIMG BlPD CON- 
TROLLING TEST CONDITIONS, BE-DIRECTION OF TESTIBG, & TESTING OF 
BEQULRXD LIDDLPICATIONS WITH LgSS PROGRAH !XHEDULE IMPACT 
- G R O  TBEBlLBL TEST ARTICLES & TEST PROGRAM CAN BE SCOPKD TO SUPPORT 
O'RER SYSTMS/SUBSYSTMS ACCEFTANCEIVEBIPICATION PBOCBBLfS 
- SIZE #BY LIXIT ABILITY TO PEBWBn CERTAIN W E  SCALE GROUND TESTS 
o DESIGN SENSITIVITY, CECBEg OF JSOLATIOR, XARGUS 
- DICTATES NO./TYPES OF HODULES OR m S  TO BE TESTED (USE 
SIILILARITY) 
- TEST ARTICLES SHOULD BE OF FLIGHT QUALITY WITH HlRMULI PIODIFICATION 
BM) BEFUBBISBLIEHT BEQDIBH, FOR FLIGHT USE 
- GROUM) TESTING PROVIDBS FOR HIGHEST LEV& OF W I D m R  PRIOR TO 
VLxm & EARLIELST O P g B B T I a  S T m s  
- PLICEIT TgSTS HAVB GREArm PmmmIBL POB PRaRAM r3amuLB MPm 
6 SUGGESTS CnRAFKR CBgY SAPErY ZLBLIWI(3%S 
I r n  GROUND P L 1 m  
POM)IU HIGHER LEITUL COST HI(;BER TUTU COST 
SCHEDULE RISK KIBMIM 
BETLLDUP STAGE TEST - HIGH 
OBBITXR TEST - MIEnaM 
BUILDUP STAGE TEST - HIGU 
ORBITER TEST - MlDEBBTE 
DESIGN COWIDEKE MAXMIM MblIMRl 
DESIGN COi?SEPVflISH LEAST 
B E q U I r n  
TEST FACUITIgS CX&fBKE 4 B  BUILDUP STAGES TEST-HCBTB 
ORBITER TPST-DEDICBTgD 
F L 1 m  TI= 
TEST ARTICLES DKDIMBD OR BgPOGB. TO BUILDUP STAGE TEST-FLIGHT 
m a n   cam^. (IN OR ORBITER TEST - DEDICATED 
FtlTUU -1 OR BEP(3BB. M PLT. COBPI. 
aEQaraEs RETURN OF 
m U L P S ( S )  & HOD FOR RE- 
TEST (FLT/PROGEAU 
SCBgDULE rnACTs) 
MAX= 
TEST PLEXIBLLITY & EXC- FAIR 
CONTBOL (m., (s- mIB-, (REAL EIIFTLROMLEIIT) 
PAILUBE INVESTIG. 
(BETEST) 
S U B S Y S T E H S / C ~ K t 4 T  W K R A T E  (COULD REPLACE gXTEBSIVE 
TESTING PRIOR TO SO)IE SYS'm!S LEVEL 
THEWAL TESTS TESTS! 
SUPPORT TO OTHER HIQI POTENTIAL 
ACCEPTAHCE/ 
VEBIFICATIOB PIWEAkB 
TABLE 4.2-5 
ACTIVE 'C4lgBLUIL C O L  TECIMOUXrP LSSDgS 
0 SYSTBX m w 1 m  
+. CURRENT THXRMAL SOBS- U K E  LB%CB MAKE JUDICIOUS USE OF W E  llBBT BY 
:, USE OF ELXTUChL KXATEW ASD BBQflLBg W I W G  IT W I L Y  AVAILABLE TO SUB- 
SIQ?IPICbFf CBgV IBPOL- TO CXAWE S- BM) U I M Z B  CBEY X l W O L ~  
t? 
.i , SYSTEM OPg%ATRilG C(1COPICUBILTIm AS BY P%OVIDIEG AH UWEkUKD E I 5 Y  
-6 
POUga P R O P U S  AED BBhl L W S  CEABCE EXLIABLE TElWUL UTII,Im SYSTP2l 
BblD S Y S m  O A I L t m s  axmil. 
k' 
o HEAT B B J B C T I ~  
CuaawT RADIATOR SYsrrees REQUIRE LARGE 
NUMBER -IB) mXD PASSAGES, 
V A L W ,  m. 
roaou~~iurnicaowrrr mcm OF TE~E 
SPACE STATIOil BEQIlLBES THAT IT ACCEPT 
Mnrm HUT LOADS OF VA.RYR?G l!fAMI- 
TUDES, BECUT FLUX DEPISITY AHD LOU- 
T103S WITHOUT CAllSIHG ADVBBSE BEBT 
SOURCE IBlZWXIORS (I .  E., BE INSEIJ- 
SITIVE 'PO MTLTI-DISCIPLINARY USER 
-1 
U R G E ,  DEVKLOPED R A D m  ARB BE- 
QUIBgD POR AHY SPACE STMICEI COHCgPT. 
THUS, iiKAT BETECTIm SIZE AJ?D ISPPI- 
CIrnCY MPBOVEllERTS ARB REqJIBIED TO 
HINIMZE THXlWL SUBSYSTEM COST, 
WEIGHT AXD COMPLEXITY SUCB BBDIBTOR 
I S  LARGEST m MOST EXPEEEPEIJSIVE POBT1m 
OF TflBBllbL SYm. 
TABLE 4.2-6 
ACTIVE THEBlW CONTROL TECEWOLOCY 
LIlLITATICNS WITH S-'I"PPE THEU4AL SYSTEKS 
0 Lou LUNG T r n  EELLABILITY 
o MCR@BTEROID/SPACE D W S  SENSITIVITY 
o CWLPJ(ITY - LARGE NUKBEB OF VALVES, CONTBOLS, FLUID LLIPES, BEDOMIm 
CQPIPONrnS 
o DEPENDENCY (W ROTATING EQULPLIEHT - HIGH CAPACITY PUMPS 
o COIBLEX/INPLEXIBLE USER INTERFACES 
o MECHANICAL INTERFACE BEQUIBES VERY CONSTUIXKD USKR PRESSURE DROPS, 
LEAKAGE SPECS, CLEANLINESS SPEC. , ETC. 
o EIL(=H SUBSYSTEM/PAYLOAD MUST BE PBECISKLY W E D  CIILCUIT FOB PBOPEB 
CONTROL TEWPEBBTURE 
o CONTROL TEKPEBBTUBE LEVEL VARIES DEPENDING OR W UPSTBlWf EQUlF%DiT IS  
OPEBILTLNG 
o DIFFICULT TO MAINTAIN 
o XUST BRFX/MAK.E FLUID CORVECTIONS 
o WTIBE SYSTEn HUST BE SHUlTDOYN TO SXRVICE (BEQULBES AT LgbST OLJg 
REDUNDANT SYSTEM) 
0 HIGE P o r n  CONSUHPTION 
o PUKPING POW APPROXIMATELY 5X OF GENEBBTED POUEB 
o EIGH CAPACITY PUKPS ARE EXPENSIVE 
TABLE 4.2-7 
HEAT REJECTION TECHNOLOGY OBJECTIVES 
o OBJECTIVE 1 - HIGH CAPACITY HEAT P I P E  BADIATOR 
o EXTENDED LIMCra H I C R ~ B O R O L D  f l JSENSITIVE BEdT P I P E  
o E F F I C I E N T ,  C W A C T  EVAPORATOR 
o HIGH COM)UCTIVITP BBDLATOB PIN 
0 OaJECTlVE 2 - DISPLOYABLEICONSTBUCTABLE RADLATOR SYSTEH 
o ON-ORBIT B B D ~ R  CONSTRUCTION/SUPPORT 
o BADLATOR-TO-TRANSPORT C L E W I T  T P T T W A C E  DEVICE 
0 DEPLOYkENT PaxHAxxm 
o O B J G C T I 7 E  3 - BODY-HOUNTKD RADIATOR 
o AUMLLATIC CONTBOUED BEBT P I P E S  
o INTERFACE DEVICES 
o DEGBBDBTION INSENSITIVE COATLMG 
o O B J E C T I V E  4 - ENVIEOtaCENT S W S L H G  RADIATOR SYSTEM 
0 ~~ EWLELONLIENT (LNPBBBKD AED S O U )  SgYSOB DEVICB 
o RADIATOR S Y S T W  DRIVE 
o OBJECTIVE 5 - T '  COATING MAINTENMCE/BEPUBBISBKWT 
o CONTAnINATIOW/DEGBADATIOX EVALUATION 
o COATING CLEANING 
o COATLNG UPLAC- ( U - S I T U  A P P L I M I O H )  
o OBJECTIVE 6 - ADVANCED RADLATOR CONCEPTS 
o L I Q U I D  DROPLET RADIATOR 
o HOPING BELT RADLATOR 
TABLE 4.2-8 
BEAT ACQUISITION AND TBANSPORT TEQIHOLOCY OBTECTIVES 
o OBJECTIVE 1 - CENTRALIZED T H U  BUS 'I 'UNSPORT 
o TWO-PHASE P W E D  HEAT SLNK 
o TUO-PHASE CAPILLARY HEAT S I N K  
o TWO-PELASE CONTROL SYSTFX 
o TWO-PHASE PLULD DYNAWICS 
o OBJEC?:IM: 2 - HIGH DENSITY HEAT ACQUISITION 
J CAPILLARY P U W E D  COLD PLATE 
o EVAPORATOR/HPAT EXCEiANGEE/COLD PLBTES 
o TWO-PHASE HEAT IIXCHANGEB 
o TWO-PEIASE A C C m T O R / G A S  T E W  
o COXDWSQR H U T  PJ (WGEB/COLD PLBTBS 
o OBJECTIVE 3 - E W  TRANSFER ACROSS STRUCTURAL B0IIW)ARLES 
o CONTACT HEAT EXCHANGERS 
o KEAT P I P E  THKMAL, S L I P  RINGS 
o FLUID SWIVEL J O I N T S  
o FLEXIBLE H.EAT P I P E S  
o OBJECTIm 4 - LONG L I F E  F L U I D  S Y S T W  
o LONG L I F E  MAINTAINABLE PUMPS 
o RELIABLE QUICK DISCONHECTS 
o LOW COST,  MALNTALHABLE COLD PLATES 
o NON-TOXIC/NON-CORROSIVE SELF-SEALLNG F L U I D S  
TABLP 4.2-9 
INTEGRATED S f S T W  TKtMOLWY OBJECTIVES 
o OBJECTIVE 1 - THHZMAL STORAGEILOAD LEVKLLNG/BEPBIGgBPLTIO% 
o TWO-PHASE WERGY STORAGE 
o LIFE  SUPPORT REFRICEBATION 
0 HEAT P m  AUGMENTATION 
o USER SELECTABLE TlUWAL UTEBPACE 
0 OBJECTIVE 2 - UTILITY SYSTEM INTEGRATION TEST BED 
o WASTE HEAT UTILIZATION 
o WODULARITY/GROhTH 
o REDUNDANCY /MAZNTALNABILITY 
o SYSTWS FUNCTIONAL VALLDATION 
o OBJECTIVE 3 - AUTOMATIC SYSTPM CONTROLIWONITOBLNG/FBULT LSOLBTION 
o PASSIVE CONTROL TECHNIQUES 
o AUTOWTIC TEMPERATURE COFROL 
o WIDE HEAT LOAD RANGE CONTROL 
o HIRCROPROCESSOR APPLICATIUXS 
0 OBJECTIVE 4 - THEPMAL COMPUTER HODEL MPRO- 
o PUMPED TWO-PEASE FLW ROOTINE 
o TWO-PHASE X ROUTINE 
o CAPILLARY PUMP ROUT WE 
o HEAT P I P E  ROUTLNE 
o OBJECTIVE 5 - INST. MODULE TEST BED 
0 CAPILLARY PUWP 
o CAPILLARY PLAT PLATE 
o PUMPED TWO-PHASE COLD PLATE 
o OBJECTIVE 6 - GROUND TEST CAPABILITY 
o T W O - W E  TESTLNG TECHNIQUES I# 1-G 
o SCALE MODKLLNG APPLICATIONS 
o OBJECTIVE 7 - INFLlGHT HANDLING AND MAINTEHlViCE 
o ON-ORBIT FLUID CHARGING 
o ON-ORBIT CONSTRUCTION DEVICE 
o ON-OBBIT MALNTAINBBILITY EQUDlBNT/BEPAIR KITS 
4.2.3 General Conclusions 
The f o l l o v i n g  conclus ions  a r e  r e l a t i v e l y  independent of the  v e h i c l e  
c o n f i g u r a t i o n s  s tud ied :  
1. There is not e u f f i c i e n t  eu r face  a r e a  on t h e  s t a t i o n  modules ( i . e . ,  
body-mounted r a d i a t o r s )  t o  r e j e c t  t h e  t o t a l  v e h i c l e  v a s t e  hea t  load .  Deployed 
o r  truss-mounted r a d i a t o r s  a r e  r equ i red  t o  r e j e c t  t h e  balance  of h a a t .  
2. The uee of r a d i a t o r  a r t i c u l a t i o n  ( i . e .  g imbal l ing)  and a  
thermal s t o r a g e  approach v i l l  s i g n i f i c a n t l y  reduce r a d i a t o r  s i z e .  
The two-phase thermal bue technology development c u r r e n t l y  is i n  t r a n s i t i o n  
from breadboard t o  p ro to type  s t a g e .  JSC and GSFC a r e  a c t i v e l y  pursuing 
tbermal bus technology through s e v e r a l  funded c o n t r a c t o r  p f f o r t e  and in-house 
t e s t  bed a c t i v i t i e s .  JSC has  a  p ro to type  development underway w i t h  Grumnan 
f o r  t h e  des ign ,  f a b r i c a t i o n ,  and t e s t  of a  25 KU c a p a c i t y  system. This  
p ro to type  hardvare  should be a v a i l a b l e  f o r  i n t e g r a t e d  JSC t e s t i n g  a t  t h e  
beginning of PY 1986. GSFC i s  develo?!,ng thermal  bus technology t o  
accorrrmodatc unique experiments o r  payload thermal  c o n t r o l  requirements.  
3 
! 
i 4.3 Propuls ion System D e f i n i t i o n  
For the  t h r e e  Space S t a t i o n  c o n f i g u r a t i o n s  s p e c i f i e d  abova, Onboard Propuls ion 
I 
System concepts have been devaloped t o  t h e  e x t e n t  necessary  t o  determine 
system weights ,  volume, and c o n f i g u r a t i o n  d i f f e r e n c d s  f o r  comperison purposes. 
The systems have been s i zed  p r i m a r i l y  upor, t h e  requirement t o  provide o r b i t  
maintenance a t  2 7 0  hU. Systems have been s i z e d  t o  provlde t h i s  func t ion  f o r  
t h e  worst  case  ( long term) atmospheric d e n a i t y  a n t i c i p a t e d  f o r  t h e  e a r l y  
1990's .  4 resupply i n t e r v a l  of t h r e e  months has  been assumed and a  t h r e e  
months contingency haa been provided i n  t h e  event  t h a t  one resupr ly  f l i g h t  h a s  
t o  be postponed. The t o t a l  Fmpulse t o  s a t i s f y  t h i s  f u n c t i o n  l a  a h o m  in 4.3-1 
along v l t h  t h e  r e s p e c t i v e  pzope l l an t  q u a n t i t i e s  r equ i red  f o r  both IW and 
growth v e r s i o n s  of t h e  t h r e e  conf igura t ions .  
Along w i t h i n  t h e  c a p a b i l i t y  t o  provide  o r b i t  maintenance t h e  s y s t e m  :an 
provide  s i g n i f i c a n t  q u a n t i t i e s  of CMG angu la r  momentum dump c a p a b i l i t i e s  by 
providing a +X t r a n s l a t i o n  wi th  uncou?led t h r u s t e r s  which a r e  also supp ly lag  
I to rques  i n  p i t c h  & / o r  yaw axes. I f  t h e  CHC molnentum d q  rj-r.ur ,prrrents are 
smal l  enough and t h e  o r b i t  m a h t s a a n c e  b u m  can be sequenced t o  c o i a c t d e  v i t b  
t h e  ClIC dump r e q u i r ~ m a f ~ : ~ ,  no s i g n i f i c a n t  q u a n t i t y  of CW dump p r o p e l l a n t  vill 
be requ i red  i n  a d d i t i o n  t o  t h e  o r b i t  mainceaance p r o p a l l a n t  vhich i e  c u r r e n t l y  
provided.  
Tim system concept vh ich  haa been chosen f o r  t h l a  s t u d y  is monopropellant 
hydrazine  (N2H4). This l a  t h e  most s t a t e - o f - t h e - a r t  concept a v a i l a b l e  v l ~ h  a  
technology b a s i s  vh ich  spans  t h e  previous  20 yeare .  There a r e  d o e m  of 
o p e r a t i o n a l  systems in e a r t h  o r b i t  a t  t h e  p r e s e n t  t h e  on c ~ c a t i o n  
s a t e l l i t e s .  F ive  yea r s  wi th  z e r o  maintenance 18 a t y p i c a l  des ign  l i f e  t he .  
F a i l u r e  of tl-see systems is  ucrually a t t r i b u t e d  t o  d e p l e t i o n  of p r o p e l l a n t  
supply s i n c e  t h e r e  is c u r r e n t l y  no c a p a b i l i t y  t o  reeupply  t h e  p r o p e l l a n t  in 
t h e s e  systems. 
A l l  proposed systame incorpora te  a blovdovn p r e a s u r i z e t i o n  system. No a c t i v e  
p r e s s u r i z a t i o n  system components have been inc luded.  The p r o p e l l a n t  taake 
have been s i z e d  v i t h  t h e  volume to  provide  a blovdovn r a t i o  of 2 t o  1. The 
p ressuran t  g a s  (gaseous n i t rogeu)  would be conta ined v i t h i n  t h e  p r o p e l l a n t  
t ank  and would be separa ted  from t h e  l i q u i d  hydrazine  by ME-332 e l a s t o m e t r i c  
I p o a i t i v e  expuls ion diaphragm. The use  of a single p r o p e l l a n t  v i t h  a blovdovn 
, - 
! p r e s s u r i z a t i o n  system reducea the complexity of the propu l s ion  system by 
i 
' - 
reducing the number of camponente t o  lass than one-half of t h e  camponaate iu 
an a c t i v e l y  p ressur ized  bi -propel lant  system. This ia expected t o  
s i g n i f i c a n t l y  enhance t h e  o v e r a l l  reliability of tha system and reduce t h e  
1 i maintenance requ i red  over  t h e  l i f e  of the s t a t i o n .  A typical p ropu l s ion  
i 
1 system schematic of t h e  type system described above in shcun i n  f i g u r e  4.3-1. 
The blowdown r a t i o  of 2 t o  1 w i l l  cause  t h e  p ropu l s ion  system t h r u s t  l e v e l  t o  
va ry  by approximately the same r a t i o .  I f  a m i n h  t h r u s t  l e v e l  of 15 l b s .  ia 
requ i red  then an engine v i t h  a t h m t  range of 15-30 l b s .  vil1 be used. The 
t h r u s t e r s  would provide  30 l b s .  of t h r u e t  when t h e  p r o p e l l a n t  t a n k s  are f u l l  
and 15 l b s .  when t h e  p r o p e l l a n t  t anks  a r e  n e a r l y  empty. 
Use of blovdovn p r e s s u r i z a t i o n  v i t h  a monopropellant has ano ther  advantage f o r  
t h e  Space S t a t i o n  Propuls ion System which w i l l  r e q u i r e  f r equen t  and numerous 
refuelling cycles .  With t h e  use of an e l a s t o m a t i c  expuls ion diaphragm 
I - 
i 
l' concept,  which hae previously demonstrated s e v e r a l  hundred c y c l e s  of expuls ion 1 
i c a p a b i l i t y ,  the p r e s s u r i z i n g  gas  need not  be l o s t  a t  the end of t h e  expu l s ion  
c y c l e  o r  dur ing  t h e  rafill cycle .  Thia aeans that t h e  r e f u e l l i n g  c y c l e  f o r  a 
blowdown monopropellant syetem req;ires t h a t  on ly  a single f l u i d  be resupp l i ed  
I 
as compared t o  t h r e e  f l u i d s  f o r  an a c t i v d y  p raeeur ized  b i -p rope l l an t  system 
1 
which rrmst ven t  t h e  p r e e s u r i z i n g  gas during t h e  resupp ly  o p e r a t i o n ,  1 
4% . . 
a 
1 1  
ORIGINAL PAM 
OF P O O R  QUALITY 
-. 
THRUSTER CLUSTER HUUULES 
TANKS AS 
REOUIRED 
1 
TYPICAL ; 1 
I FILL -
.r DISCONNECT 
1' I 
I .  P p  
, , .. 8 
- 1 Two identical systems a s  shorn above rquired with thruster c lusters  a t  
4 o frro propellant and pressusant resupply points 
6 
c 
r., 
!, 
I 
o 2: l  bloudom pressurization s y s h  
each corner of solar array a s  shoprr, i n  Figure A. 
o Triple redundant thrusters 
o 7:-iple redundant propellant distributian and i solat ians 
o No oropellant storage redundancy 
Hydrazine monopropellant ie a midrange performance p r o p e l l a n t  vith a e p e c i f i c  
impulse of about 220 l b s .  s e c l l b .  -' a l i q u i d  d e i u i t y  which i e  approximately 
t h a t  of water.  
During t h i s  s tudy,  l o c a t i o n s  were s e l e c t e d  f o r  the  v a r i o u s  c o n f i g u r a t i o a s  and 
t h e  number of t h r u s t e r e  and tank8 required f o r  each conf igura t ion  were 
determined. Thie informat ion in a d d i t i o n  t o  t h e  smwnt  of p r o p e l l a n t  required 
is shorn in t a b l e  4 . 3 1 .  
Prom t h e  information shown in t a b l e  4.3-1, d e t a i l e d  propuls ion system weight 
summaries were prepared f o r  both  t h e  10C and the grovth  ve rs ione  of the t h r e e  
s t a t i o n  concepts. Th i s  informat ion is shovn in t a b l e  4.3-2. 
4.3.2 Building Block Configurat ion 
6.3.1.1 Propuls ion Modules Locations 
The most s ignff  i c a n t  d i f f e r e n c e  between t h e  '%uilding Blockn and t h e  %eltan 
is due t o  t h e  s t a b i l i z i n g  e f f e c t  of g r a v i t y  g r a d i e n t  on t h e  s t a t i o n  a t t i t u d e  
and t h e  s o l a r  a r r a y  gimbals vhich a l low t h e  s o l a r  a r r a y  t o  mainta in  a s o l a r  
po in t ing  a t t i t u d e  independent of t h e  s t a t i o n  a t t i t u d e .  The s a f e t y  
cons idera t ions  of s t a t e  a t t i t u d e  c o n t r o l  are no t  as s t r i n g e n t  as f o r  t h e  Delta 
since the a r r a y  can be pointed in t h e  genera l  d i r e c t i o n  of t h e  sun r e g a r d l e s s  
of t h e  a t t i t u d e  of t h e  rest of t h e  s t a t i o n .  
As a r e s u l t  of placement of o t h e r  i tems on t h e  a f t  end of this conf igura t ion  
and t h e  method of p lac ing  s o l a r  a r r a y s ,  t h e  p o t e n t i a l  l o c a t i o n s  f o r  propuls ion 
modules a r e  extremely l imi ted .  The l o c a t i o n  which hae been s e l e c t e d  is on t h e  
aft end of t h e  upper cormnand module. Thrueter  f i r i n g  d i r e c t i o n s  have been 
l i m i t e d  t o  t h e  a f t  and t h e  up and down d i r e c t i o n s .  S ide  f i r i n g  t h r u s t e r e  a r e  
n o t  p o s s i b l e  from t h i s  l o c a t i o n  bacauee s o l a r  a r r a y s  a r e  in c l o s e  proximity.  
Also, in order  t o  f i r e  i n  t h e  up d i r e c t i o n ,  i t  w i l l  be necessary  t o  p lace  t h e  
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I 
thruters on sho r t  booms and cant  t h e  engines s l i g h t l y  outward in order  t o  
minimize impingement on othcr  modules vhich a r e  d i r e c t l y  above and belov t h e  
propulsion module, Tanks will ba required on each end of the command module 
in order t o  provide enough prope l lan t  capac i ty  f o r  t he  IOC version. 
Wtid taukage may ba required i n  another loca t ion  t o  provide enough 
capacity f o r  t he  growth version of this configurat ion.  
4.3.1.2 Thruster  Redundancy 
As a r d t  of the r e l a t i v e l y  g rav i ty  grad ien t  s t a b l e  s t a t i o n  a t t i t u d e  and the  
indepandaatly gimballed s o l a r  a r r a y  t he  c r i t i c a l l i t y  of maintaining abso lu te  
cantrol over the s t a t i o n  a t t i t u d e  at all time Fs not  mandatory as f o r  t he  
Dedta configurat ion.  That is, i t  might be f e a s i b l e  t o  shut  d a m  a propulsion 
system f o r  a s h o r t  period f o r  r e p a i r s ,  o r  a l w e r  l e v e l  of redundancy in 
thnreters o r  o the r  components might be acceptable  and could r d t  in a 
& t a n t i a l l y  reduced development program and/or component costs .  This may be 
an a t t r a c t i v e  opt ion t o  ba explored i n  fu tu re  s tud i e s ;  however, f o r  t h i s  study 
i t  l a  assumed t h a t  t h i s  configurat ion w i l l  requi re  a f a i l  o p e r a t i o n a l / f a i l  
aafe redundancy. This w i l l  r equi re  t h a t  th ree  t h r u s t e r s  be located i n  each of 
four  f i r i n g  d i r ec t i ons  f o r  each of t he  tvo t h r u s t e r  c l u a t e r s  f o r  a vehic le  
t o t a l  of 24 t h rus t e r s .  At t h i s  t i m e ,  i t  appear6 t h a t  t he  sane t h r u s t e r  
c l u s t e r  configurat ion is required f o r  t h e  growth version. 
4.3.2 Del ta  Configuration 
4.3.2.1 Propulsion M u l e  Location 
Propulsion system module loca t ions  have been se lec ted  on t h e  coxnand modules 
located a t  t he  forward and a f t  ends of t he  Del ta  Space S ta t ion .  One t h r u s t e r  
c l u s t e r  v i t h  12 t h r u t e r s  each w i l l  be located a t  each end of one conrmand 
module with tankage t o  hold enough prope l lan t  f o r  t h e  IOC version of t h e  
Delta .  For t h e  grovth  ve rs ion  of t h e  Delta, t h e  system w i l l  be dup l ica ted  on 
!{ t h e  command d u l e  on t h e  oppos i t e  end of t h e  s t a t i o n .  Th is  w i l l  i n c r e a s e  t h e  :] 
tankage v o l w  t o  that which FB requ i red  by t h a  growth vers ion  of t h e  D e l t a .  
4.3.2.2 Thruater  Redundancy 
i 
The redundancy cons idera t ions  of the s o l a r  h r t i a l  o r i e n t a t i o n  of t h e  De l ta  :I 
:i 
and t h e  need t o  cont inuously  o r i e n t  the a r r a y  toward t h e  sun wi th  no gimbal i ,I 
.1 
< ,  
c a p a b i l i t y ,  would imply t h a t  a b s o l u t e  c o n t r o l  of t h e  s t a t i o n  would be i 
j .' 
maintained a t  a l l  tines t o  keep the s t a t i o n  v i t h i n  i ts  design thermal envelope 'i i I 
I and provide a t  leaet some minimum pover ouzput l e v e l .  Should t h e  s t a t i o n  l o s e  4 ;  fi 
I 
a t t i t u d e  c o n t r o l  and s l i p  i n t o  some s t a b l e ,  unfavorable,  g r a v i t y  g r a d i e n t  1 :  
L ( '  
c o n t r o l l e d  a t t i t u d e  v i t h  t h e  a r r a y s  n o t  r e c e i v i n g  adequate s u n l i g h t ,  some 1 ;  
pover vould be l o s t .  For t h i s  reason,  t h e  s o l a r  inertial des ign  should have 1 1 1 1  
enough redundancy i n  t h e  MG and a t t i t u d e  c o n t r o l  p r o ~ u l s i o n  syetem such that 4 i 
momanturn c o n t r o l  and momentum dump f u n c t i o n s  no t  cease  dur ing t h e  l i f e  of t h e  
s t a t i o n .  A s  a minimum i t  appears  t h a t  f a i l  o p e r a t i o n a l / f a i l  s a f e  redundancy a i 
in t h e  p r o p e l l a n t  supply and t h r u s t e r  system is required.  This n e c e a e i t a t e s  -1 y 
t h r e e  t h r u s t e r e  f o r  each f u n c t i o n  i d e n t i f i e d .  On t h e  De l ta  IOC t h e r e  would be 1 - 
t h r e e  t h r u s t e r s  a t  each of f o u r  l o c a t i o n s  on e i t h e r  end of t h e  command module 1 :  
'1 : 
f o r  a  t o t a l  of 24 t h r u s t e r s .  The growth v e r s i o n  would provide i d e n t i c a l  i 
t 
propuls ion systems on each conmind module. 
4.3.3 Big '9" Configurat ion 
4.3.3.1 Propulsion W u l e  Location 
The propuls ion module l o c a t i o n  f o r  t h i s  conf igura t ion  s t a t i o n  has bean 
s e l e c t e d  f o r  t h e  command module on t h e  aft end of the v e h i c l e .  Aa a r e s u l t  of 
extremely lw p r o p e l l a n t  requiremante f o r  this conf igura t ion  s t a t i o n  no 
problem a r e  an t ic ipa ted  f o r  p rope l lan t  utorage f o r  e i t h e r  t h e  IOC o r  growth 
version. Also, as a result of a more r'avorable t r im a t t i t u d e  f o r  t he  gravth 
version l e s e  propel lant  may be required f o r  growth than t h e  IOC version.  Thia 
is a s i g n i f i c a n t  departure  frcw the trend of the other  two r,onfigurations. 
4 . 3 . 3 . 2  Thruster Redundancy 
The s i g n i f i c a n t l y  reduced f r o n t a l  area and t h e  g rav i ty  gradient  dominated 
a t t i t u d e  coupled v i t h  an increased s o l a r  a r r ay  s i z e  and an a r r ay  o r i en t a t i on  
which does not requi re  prec ise  s o l a r  po in t ing  has produced a unique set of 
minimum propulsion requiremmts not  a t t a i n a b l e  vith any of t h e  otheir 
configurat ions.  F i r s t ,  because of l ov  f r o n t a l  area very L i t t l e  o r b i t  
maintenance ie required,  and second because of a high degree of inherent  
a t t i t u d e  s tab i l i ty ,propule ion  system propel lant  s to rage  volumes and reeupply 
q u a n t i t i e s  a r e  s ign i f i can t ly  smaller than f o r  t h e  o ther  conflgurationa. I t  
a l s o  appears that the  propulsion system may not  be required t o  operate  
continuously and may ac tua l ly  ramAin inac t ive  f o r  long period because of t h e  
high degree of a t t i t u d e  s t a b i l i t y  and the a b i l i t y  of t he  s o l a r  a r r ay  t o  
provide t he  deeign pover output in the  torque equi l ibr ium a t t i t u d e  v i t hou t  any 
ac t i ve  a t t i t u d e  control .  
Ths implicat ions of these reduced demands upon the  propulsion system design 
and the  a b i l i t y  t o  t o l e r a t e  a l w e r  l e v e l  of system re lFabi l i ty ,could  have a 
s i g n i f i c a n t l y  favorable  impact upon propulsion system development cos t ,  
hardware cos t ,  redundancy managemant (software cos t )  and resupply costa .  
I f  i t  is  assumed tha t  a f a i l  opera t iona l ,  f a i l  safe capab i l i t y  i.8 required f o r  
the  t h r u s t e r  system. Two thrueter c l w t e r s ,  one on either end of the a f t  
command module, each with t h r ee  t h r u s t e r s  in  four  f i r i n g  d i r e c t i o n s  will be 
required with a t o t a l  of 12 t h t e r s  per c l u s t e r .  
4.4 Cormranications and Tracking Def in i t ion  
The C m u n i c a t i o m  aad Tracking Syetem w i l l  be designed t o  provide 
communicatione and t rack ing  se rv i ce s  between the Space S t a t i on  and var ious 
space vehic les  in te ropera t lng  with the  Space S t a t i on ,  aa wel l  ae i n t e r n a l  
copun ica t ions  sa rv ices .  In te ropera t ing  vehic les  %ill include t h e  Space 
Shu t t l e  Orbi ter ,  EVA crew members, Orb i te r  Transfer  Vehicles (OTV's), 
co-orbiting f r e e  f l y e r s ,  Orb i t a l  Maneuvering Vahiclae (QKV'e) , r e l ay  
s a t e l l i t e s ,  and space platforms. 
Each link vil l  provida a v a r i e t y  of s e rv i ce s  and w i l l  e n t a i l  unique 
opera t iona l  requiramante. Mult iple  simultamcma link8 vill a l s o  be required. 
Figure 4.4-1 shows t h e  o v e r a l l  Space S t a t i on  Carrmunicatione and Trnrltinp 
Syetem f o r  the growth phase. 
The n o d  Space Stacion/ground upl ink and dovnli.uk channels vill operate  
through a r e l ay  s a t e l l i t e  a t  S-band, 5 - b d ,  millimeter wave (mm-vave), o r  
o p t i c a l  frequencies.  The communication l inka  betveen the Space Sta t ion  and 
Orbiter  vill operate  a t  S-band frequencies .  The linke between t h e  Space 
S t a t i on  and space platforms, f ree- f lyers ,  EVA, W, and/or mnnnedlrrmaaaped 
OTV'e vill be a t  S-bad,  Ku-band, mmrave o r  o p t i c a l  frequsncFas. 
The Caomunication System will be capable of transmission, recept ion,  and 
processing of voice,  tel-try,  commaade, videband da ta ,  telePFeion (TV), and 
t e x t  and graphiccl. The system vill include t h e  c a p a b i l i t y  f o r  p r i v a t e  
cmmrmnicatione ( including any Comunicatione Secur i ty  (WHSEC) requiremante) , 
and w i l l  operate  in a Radio Prequancy Lnterference (BPI) enviromnent a t  a l l  
times under normal m d  emergency operat ing corrditione. Balay of 
i n t e r o p e r a t h g  veh ic l e  d a t a  tolfrom the  ground will be provided betveen the  
Space S t a t i on  v i a  a syachronoue s a t e l l i t e .  
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The i n t e r n a l  CLT system v i l l  provide  t h e  Space SLation in tennodule  and 
intramodule CBT. Servicee  provided by t h e  i n t e r n a l  C&T syetem inc lude  v ideo ,  
audio ,  c o m n d s ,  t e l emt ry ,  d a t a  and C&T managsment/control/distribotion. Ekch 
rep laceab le  u n i t  w i l l  have embedded p rocessors  t u a t  a r e  s o f t v s r e  c o n t r o l l e d .  
The C6T system s h a l l  be developed and implemanted inc rementa l ly  t o  suppor t  IOC 
and growth phases.  The phases s h a l l  Incorpora te  a l o g i c a l  p rogress ion  i n  CbT 
syetem c a p a b i l i t y  matching t h e  grovth  i n  Space S t a t i o n  CAT requirements  as t h e  
s t a t i o n  c a p a b i l i t i e s  a r e  increased and a e  technology becomes a v a i l a b l e .  
I n  t r a n s l a t i n g  the  g e n e r a l  Communications and Tracking System requirements 
i n t o  a Space S t a t i o n  Syetem Concept, i t  h a s  been necessa ry  t o  formulate  a 
number of b a s i c  groundrules  and assumptions. These a r e  sunrmarhed below: 
a .  F ree - f lye r s  (co-orbit ing s p a c e c r a f t )  can rendezvous and dock v i t h  Space 
S t a t i o n .  A t  IOC, i t  i s  assumed t h a t  t h e  Space S t a t i o n  v i l l  be capable  of 
s imul taneously  suppor t ing  one f r e e - f l y e r  out  t o  8 km, and t h r e e  f r e e - f l y e r s  
out co 2,000 km. For t h e  g r m h  phase,  f o u r  f r e e - f l y e r s  vil1 o p e r a t e  o u t  t o  8 
km, and s i x  f r e e - f l y e r s  o u t  t o  2,000 km, 
b. Space Station/OTV l i n e - o f - s i g h t  communications a r e  r equ i red  o u t  t o  100 
nm. Space S t a t i o n  v i l l  c o n t r o l  and monitor OTV out  t o  100 nm; OTV w i l l  r e v e r t  
t o  ground c o n t r o l  beyond 100 nm. 
c .  Communicatiom between Space S t a t i o n  and ground f a c l l i t i e e  d l  be v i e  
a r e l a y  s a t e l l i t e .  Relay s a t e l l i t e  links w i l l  be v i a  TDBSS i n i t i a l l y  wi th  
t r a n s i t i o n  t o  Tracking and Data Acqu is i t ion  System (TDAS) in t h e  mid 1990's. 
Thus, r e l a y  s a t e l l i t e  1- vill be TDRSS compatible.  
d.  Communications v i t h  t h e  ground via r e l a y  s a t e l l i t e  w i l l  be contfnuous 
v i t h i n  t h e  coverage l i m i t a t i o m  of TDBSS. 
e .  Space S t a t i o n / W  cormrmnicatione are requ i red  ou t  t o  2,000 km, 
t. Multiple duplex voice channel8 are required betveen Space Station and 
ground f a c l l l t i e e .  
g. Co~rmand uplink required (minimum duplication of Space Station panel 
funt lone on ground) . 
h. Secure/private communications is requi~ed. Ail links vill be bulk 
encrypted for security; all c d  channels will employ cammand 
1 
authentication. 
1. NTSC standard color television required L~tvecn ground and Space 
Station (two-way), and one-way TV to Space Station from free-flyers, OIN's, 
OTV's, EVA'S, and SSO. 
j. Capability for duplex slov scan TV required between the.Space Station 
and EVA's. 
k. Pour- EVA communicatione system required. 
1. Wideband data trnnnmlssion from free-flyers greater than 20 Mbps (if 
required) vill be direct to ground via a relay satellite. 
m. Capability must be provided in the grovth phase for simtlltaneous 
communication betveen Space Station and ten free-flyers and four EVA's. 
n. Conrmsnd transmission required on forward link to free-flyers. 
o. Telemetry transmission require$ from free-flyers to Space Station. 
p. TV vill be digital and will utilize vldeo compreseion techniques to 
achieve 22.0 Wbps rate and 400 kbps rate slov scanning. 
q. Voice vill be digjtal and vill utilize advanced coding techniques to 
ac'i :eve a rate of 16 kbps. 
r. Hardware will be modularized vith separate operating mtxiules for 
bhseband, Intermediate Ptequency (IF), ~ n d  BS. The C&T hardware shall be 
distributed to k1thLn the various Space Station modules as needed to provide 
required CbT services and to optimize performance and maintaFnability. 
s. The Space Station d l  cormnrnicate vith Space Shuttle Orbiter (SSO) 
through the Orbiter netvork cosmrunlcatiods system v i a  an RP link. Signal and 
BP designs will be compatible vith the existing SSO S-band system vhere 
practical. 
, t .  The Space Station shall  be capable of recaption and procaeeing of GPS 
! 1 navigational e ignds .  
u. The epaca platform vlil be treated aa a free-flyer for commua~cations 
to/from the Space StatFon. 
A eummary of the Cnwnmicatio~a and Tracking a x t e d  RP 1h.k characterlt ice 
~s sham in Table 4.4-1 ae a function of tha Space Station buildup. Table 
4 .4 -2  i e  a similar eumary for the intra-Space Station CLT characterl t ice .  
The performance requiremants are given i n  Tabla 4.4-3 and 4.4-6. 
TABLE 4.4-1 
~ I W I Q # S  AND TFUKLNG LINK CHAUCTEBISTICS 
- 
c m .  AND T R A C g M G  
FUNmION PEASE LINK CXAUCTEBISTICS CAFABILZTIES BATIONALE 
SS RELAY IOC KU-BAND S ~ G L E  25 KBPS FORWARD BBSIC CBPABILITP 
SAl U I T E  L c c E S S  300 HBPS SYKBC)L 
RATE ILETmN 
ADD W-BAND 50 KBPS W TDAS 
SINGLE ACCESS LINK TBBHS IT ION 
UPGRADE BaLTBN 600 HFPS SYMBOL 
LRiK BBTE 
S-BAND SINGLE ( 1  SIM VEtIICLE) BBSIC CAPABILITY 1 
ACCESS VOICE, CM), 128 
KBS DATA BBblGLW; 
j 
1 
i 
ADD TV** 2 SIHVEHICLES PEASED CAPABILITY 
~ ~ m m  LINK i 
I 
f 
GROUND TTU (2  SLM VEHICLES) PHBSED CAPABLLITY 
COlIPATLBLE W, 128 KBS 
DATA, RANGING , 
TABLE 4.4-1 
C a m .  BND T B B C K M G  
FUNCTION PiIBS B LINK QUBAmKRISTICS CAPABILITIES RAT ION ALE 
SS-WTV GROUTE (XOmzD TTLE (2  S M  VEZICLES) P W E D  CAPABILITY 
C(BIPAT IBLE VOICE, CXD, 128 
KBPS DATA, 
BB1IGING 
. 
Tv EETum* 
S S -FREE IOC 
FLYER 
I 
DEDIwrm SYSTEM (4  FREE PLYEBS) BASIC CAPABLLITY 
CW, DUB, 
RANGING, TV 
BETUBN ONE 
VEHICLE 
MULTI-ACCESS* 
SYSTELI 
(10FREEFLYEBS PHBSEDCAPABLLITY 
HULTLPLE NETS 
VOICE, CHD 
l iBR DATA eLarr, 
BBNGING 
DEDICATED SYSTEM ( 1  VEHICLE) BASIC CAPABILITY 
0, DATA, 
BANGING 
IIULTI-ACCESS* 
SYSTEH 
( 2  VEHICLES) PHASED CAPABUITY 
16 STATIGNS 
WILTLPLE NETS 
VOICE, CW 
rnR DATA AND 
RANGING 
TABLE 4.4-1 
CUHXUNICbTIONS AND TBACKLNG LINK (XWIACTEBISTICS 
(CONTINUED) 
f 
cm. m TRACKING 
mTRCTIOlP PRASE L U K  CEMEACTEBISTICS CAPABLLITIES BATIONALE 1 ; 1 
SS-EVA IOC SHUTTLE EVA (2  EVA'S) BASIC CBPABILITY ii 
SYSTELl 3-WAY FULL ;I DUPLEX +2 LEE i DATA CB. 11 S-BBBID m mTv 
GmHIE MIJLTI-ACCESS* ( 4  EVA'S) 
S Y S m  16 STATIONS 
XULTIPLE NETS 
VOICE, CMD, PW 
SLOW S W  TV, 
HBR DATA rn 
RANGING 
Tv lixmJm+* 
PHBSED CAPABILITY : 
SPACE 
STATION 
POSITION 
C;PS OmI-DIEECTI(INAL POSITION, 
( L - W )  VELOCITY, 
TDIE 
C B E W - M - C m  
COMMUNICATIONS 
AND CREW INTER- 
PACE WITF3 EX- 
TI?uAL L m  
SPACE STATION 
UVIGATIOLJ 
! ! 
ACT IVITY 1 
CW)BDINBTION APID I 
CREW MOBILITY, I 
SlxxJRITP 
i 
I 
I 
PRECISE DE- STRUCTURAL WTE- I I 
TECTION OF GRITY AND MSTBLF- I 
BAHGE AND ANGLE )IZNT POINTmG f 
CHANGES AtXmACIES I \ '  
I I 
CONTIMJOUS UAVE, AUTOMATIC DaCKING WITHOUT I 1 
1 
MHE WDULBTED, DOCKING ; VEHICLE DAMAGE I I 
ILJPBBBH) 
1 
DATA FOR MANUAL 1 1 I 
DOCgING , 
'. 8 
* PBEE FLYERS, WV, EVA, ALL SERVED BY THIS HJJLTI-ACCESS COMM SUBSYSTEH I : 
** PBEE FLPEBS, OW?, SSO, OTO, EVA ALL SEBVH) BY A DEDICATED FOUR CHAWEL TV SYSTEM i 
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~ I W I O N S  AND TBACKING LINK (XLAWXEBISTICS 
(COarr UUED) 
c m .  m TRACKING 
FUNCTION P W E  LINK (=BABACTWISTICS CAPABLLITIES BATIOHBLg 
PROXIMITY IOC WBBBOYBEBnKU-BAD ACCUBATERANGING PRECISE 
OPERATIONS OR IPIPBBBED OVga SBOBT PBTBS tfAEwamUITY 
VITE DIRECTIOlZBL 
S WSITIVIn  
REKDEZVODS Iac m-BAND, PULSED, 
IDENTIFY-CODED, 
OM3I-DIBECTIoruL 
WULT IPLE GROVIIE1 SKRI TRACK RADAR 
TRACKING UITB PBBSED-ARRAY 
AHTENHA SYSTEn 
BELIABLE 
g P p I C I r n  Em- 
D E V W S  OF 
SHUTIZE WITH SS 
SEBBCH m TRACK 
KULTLPLE TARGETS 
TO OBTAIN POSI - 
TIQN m 
VELOCITY W A  
SPACE STATICEI 
SERVICE AND 
W I S T I C  
HISS Irn 
mER OF 
OBJECTS M BE 
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TABLE 4.4-3 
EXTERWAL SPACE STATION 
~ I C A T I ~ S  AND TuamG P E B W U C E  R q l m E m n S  
B a t  W U B E D  AT EARLIEST 
BIT SYNCZEONLZEB WrWT 
VOICE DIGITAL 
VOICE BblBUX; 
TEXT AND CBaPHICS 
TELEVISION 
DIGITAL 
BEE low5 BE3 HUSUBED AT EARLIEST 
CaHHAND ~ I ~ I Q P J  BIT S m m L Z E B  OUTPUT 
B g q U m  
BEB X M S J E D  AT KARLIEST 
BIT S Y b l ~ L Z E B  OIPrPUT 
BEE 4 BKR LIEBSUBED AT BARLIEST 
VOICE BECW!4ITION RE- BIT S ~ C H E ~ L Z E R  OUTPUT. 
QlJraED VOICE nnTEUI- VOICE INTEUIGIBLLITY 
GLBILITY 90 PEBCEET WEBS- USING HARVARD 
PEO??ETICBLLY EALANCED 
YOBD LIST 
SNB 4 16 Db SRB MUSJIED AT XNF'UT TO 
VOICE RECCGNITION BE- THE VOICE TKBHRUL EQUIP- 
QnlRED VOICE INTELLI- MENT. VOICE IITTELLIGI- 
GLBLLITY 90 PEBCEIST BILITY KEASORED U S I N G  
RBRVARD PHONETICALLY 
BBLBHCH) UORD L E T  
BEB 6 NTSC STANDARD 
DIGITAL TO ANALOG PRO- 
CESSOR S p p / N m  35 Db 
BESOLUTIOPJ = 250 LINES 
BER MUSUBED AT UELIEST 
BIT SYNCEWNIZER OITTmTT 
Spp/Nrms 35 Db NTSC MEASURED AT T,dE TV 
STANDARD TEElmAL 
RESOLUTION = 250  LINES 
TABLE 4 . 4 - 3  
EXTERNAL SPACE STATION 
COHKUNICATIONS AND TRACKING P K R F O W C E  REQUIREMENTS 
( C O n r r r n )  
C&YPUTHL DATA B= 4 
BER WgASUELPS AT BBBLIEST 
BIT S r n ~ L Z E B  auTrrrr 
PSEUDO-NOISE BBaGMC TBD 
M I C  CONTROL MAX BANGE - 100 Km 
SHORT WGE COVEBBGE - TBD 
~ C I e s :  
urn 10 &ad ( 3 a )  
BBHGE 4 20 n ( 3 ~  ) 
VELOCITY 0.1 m/s (3- ) 
TRAFFIC CONTBDL MAX RANGE - 2,000 km SPECIFLED ACCUBBCIBS ARE 
LONG LUGE COVEBBCE - TED POB AUBIgffITED TARGET 
BCCUBBCIES: VEHICLES 
ANGLE& 25 mrad ( 3 r  ) 
RANGE C 1 &a (3a) 
VELOCITYIl m / s  ( 3 s )  
PROXIMITY OPERATIONS K U  BBNGE - 0 TO 8 Km 
COVEBACE - 4  p i  STERADUNS 
ACCUBACIES: 
ANGLE - 10 mad (3s ) 
RANGE - 0.01 XBANCE ( 3 s )  
VELOCITP - 0.01 m / s  ( 3 r )  
A c c m I O I  - 0.01 4 s  
( 3 r )  
TABLE 4.4-3 
EXTERNAL SPACE STATION 
XmKLNG SEbiSORS COVEBAGE 
MAXIHJM RANGE - 300 WETEBS 
CONE ANGLE RADIUS - 20 DEG. 
A C C W r n  
ANGLE - 0.1 DEGREES 
RANGE - 0.5 CENTIKFXEB 
VELOCITY - 1.0 cm/eec 
ATTITUDE - 0.5 D E G B E  
ANGLE OUTPUT DATA 
MAXIHIM - 20.0 DEGREES 
RESOLUTION - 0.01 DEGREE 
WORD SIZE - 12 BITS 
BBTE, MU. - 5.0 DEGRKES SEC. 
RATE, WIN. - 0.05 DEGBESISEC. 
RATE, WORD SIZE - 8 BITS 
UNGE OUTPUT DATA 
MAXIHUM - 300 KEEES 
m m  - 0.002 mEBS 
M E ,  MAXIHUM 10 HETEBS/SEC. 
RATE, HINMUn 0.001 KETEB/SEC. 
RATE, WBD SLZE - 15 BITS 
SCAN 
HORIZONTAL - 500 ELEMEP3TS 
VWTICAL - 500 LLNES 
BECEIVEB 
LENS DWIZTER - 0.07 E f E B  
MINIHUH SICPZBL - 5.0 NANOWITS 
BEblDEZVOUS SmSORS MAX RANGE - 600 Km 
COVEBAGE - TBD 
A C r n C I E S  : 
ANGLE - 10 mrad (3e ) 
RANGE - 10 m ( 3 ~  ) 
V ~ X T T Y  - 0.1 HIE ( 3 r )  
TABLE 4.4-4 
TABLE 4.4-4 
--SPACE STMIOH 
COWLQTBICATIOHS AND TBBCgI;blG PEBFORUME BgQIl-S 
TEIBIRTRY DATA BIT PPPOR RATE ( ~ m )  log9 BKE HEMUWQ ~m-r0-m 
r ~ '  
OVEa TKE XlnmDED c0mU.w 
ICATIoa P r n  
WIDDAD DATA BEE 4 loo9 
VIDEO HIGH- BEB - 
RESOLeTTI(3EI DIGITAL AT oUTPrrr OF TV DIGITAL 
10 M U  PBOCBSOR 
SppDrme 48 dB 
BESOrnIrn - 700 LUTES 
NTSC DIGITAL BER 4 lo-' 
AT OUTPUT OF TV DIGITAL 
To AmLOC PBOCESSOB 
S p p l l n ~  a 40 dB 
BESOLUTIrn 3 9  LQlES 
HIGH BESOLUTIOIJ SpplNnne 48 dB 
BNBLOC BESOMJTxm - 7 0 0  L m x s  
' 3  4 
BEE HEAS- mm-TO-mD 
OVKX TEE -ED - . 1; 
TABLE 4.4-4 
VOICE DIGITAL B~ 4 WED ILTTEUIGIBILITY 
VOICE T3TELLIGIBLLITY 90 !I&WRED U S W  HARVAED 
PERCENT. VOICE RECOGHI- PHo?ETICBLLY BAuRCKD 
TIOH REQULBEP VOID LISTS 
VOICE AIUW SIGNAL-TO-NOISE RATIO 
(!i%R) > 16 dB. VOICE 
INTELLIGLBILITY a 90 
PEBCE34T. VOICE BECOC;NITIUH 
4.5 Avionice Subeyetame Def in i t ion  
The Space S ta t ion  Avionice has been par t i t ioned  i n t o  nine independent 
subeyeteme. Theee subeyetams ere: 
o Navigation 
o Guidance and Control 
o Integrated DiepLaye and Controle 
o Data Kauagemernt 
o P w e r  D b t r i b u t i m  d Control 
o F a c i l i t i e s  LlaaEIgemaat 
o Operatiorre P h m i r q  and Scheduling 
o Payload Operat ima 
o T r a f f i c  Control 
The r e t i o d e  f o r  defining the M r i a e  and e c q  of theme subeyeterns ia 
d i s c u s e d  in more d e t a i l  in JSC Lnterndl Note 418740. b e a n t i d l y  the goal 
w a a  t o  achieve a d i s t r i bu ted  data aumnpem8nt appraacb where each subsyetem o r  
c l u t e r  is m autonornorre and independent aa poeeible. L n t e r a c t h  and 
dependancieui btvesn c l w t e r e  o r  eubeyetew hae been reduced t o  a m h h u m .  
Another goal of the  pa r t i t i on ing  w a ~  t o  i den t i fy  r~rmagaabls subeystam vith 
c l e a r  bcturuiriae and Fatarfacae that could be developed i n d s p a d e n t l y  and that 
could grov d change v i thout  a f f ec t ing  o ther  subsye-. 
Brief daecriptioor, of thaee eubeyet4me are provided in the fo l lwing  sacticma. 
Ln addit ion,  more canpraheneive ~ r i p t i o a e  of thaae s u b e y s t e ~ s  can be fcnmd 
i n  JSC In t e rna l  Mote, 419099. 
The Power Dis t r ibu t ion  a d  Control Subayetam v l l l   be^ d lecwed  Fa mmthrr 
sec t ion  of t h b  report .  
4.5.1 Avionice/Conf i g u r a t i o n  Dependencz 
I t  should be noted t h a t  most of t h e  Space S t a t i o n  Avionics w i l l  be l o c a t e d  
v i t h i n  t h e  Command/Coatrol Module, The v a r i o u s  Space S t r ~ : :  n c o n f i g u r a t i o a e  
-
do not  a f f e c t  end a r e  not  a f f e c t e d  by t h e  Avionics  eubsyetame. E s e e n t l a l l y ,  
t h e  s u b s y s t e m  a r e  t r aneparen t  t o  t h a  va r ious  c o n f i g u r a t i o a e .  
However, t h e r e  is one n o t a b l e  except ion:  t h e  Guidance and Cont ro l  Subsystem. 
The conf igura t ion  s e n s i t i v e  a s p e c t e  of r h i s  eubeystem d l  be addressed in 
g r e a t  d e t a i l  i n  another  s e c t i o n  of this r e p o r t  - 3.2.3.2, " S t r u c t u r a l  Dynamlce 
and Coatrol ."  
4.5.2 Avionics Subsys tem Guideline/Aasuntptiuns 
I n  o rde r  t o  l a y  ou t  t h e s e  s u b s y e t e m  a t  t h i s  e a r l y  (conceptual )  s t a g e  of t h e  
Space S t a t i o n  Program, a number of assumptione had t o  be made. It should be 
remembered t h a t  t h i s  i s  a i irst  c u t  - o r  rough e s t i m a t e  of t h e  AvionAcs 
eubsystame c h a r a c t e r i s t i c s .  The weight,  power and dimensions a r e  rough 
estimates based on exper ience  and expec ta t ion  of f u t u r e  c a p a b i l i t i w .  These 
e s t i m a t e s  vill c e r t a i n l y  change, Sut  a r e  provided s o  t h a t  rough ee t ima tes  of 
the the  o v e r a l l  Space S t a t i o n  p w e r  and weight can be made. 
C e r t a i n  assumptions had t o  be made r e l a t i v e  t o  redundancy and a r c h i t e c t u r e .  
Bae ica l ly ,  a d i s t r i b u t e d  approach vae assrmrad v i t h  each subsystem being as 
independent as p o s s i b l e  and havlng i t s  ovn hardware. It i s  recognized t h a t  
even tua l ly  the  p u r i t y  of a t r u e  d i s t r i b u t e d  approach w i l l  have t o  be 
compromised and hardvare  vill have t o  be shared between subsyetans ,  In 
a d d i t i o n ,  f a u l t  t o l e r a n t  p rocessors  w i l l  reduce hardware p r o l i f e r a t i o n  and 
s t i l l  allw achievement of she  necessa ry  redundancy and r e l i a b i l i t y .  I n  
elmrmary, t h e  fo l lowing subeyetam d e e c r i p t i o n e  inc lude  our  b a t  ee t ima tee  a t  
t h i s  time. 
4.5.3 Ravigat ion 
t The navLgation aubsyatem mafntaiae the current  pos i t ion  and ve loc i ty  s t a t e  
:. 1 vector  and FrrsrtFal a t t i t u d e  f o r  the e n t i r e  Space S ta t ion .  The eeoeors t o  be 
' 1 u t i l i z e d  include the Global P o s i t i o n h g  S a t e l l i t e  receivere (located in the 
i 1 
j t racking eubsyetem), and a number of s t a r  crackere located on the various 
I 
I modulee. Additional s h o r t - t e r n  a t t i t u d e  data  may be obtained from r a t e  gyro I packagee, and/or etrapdovn l aaa r  gyro reference eyeteuna on e m  of the I modules. Some linr-ir accelerameter saneore may a l s o  )1: required, I depending upon the outcome of fu tu re  s tud ie s ,  
- I 
I The conventional navigation task  c o n e b t s  of rout ine propagation of precis ion I 
w s u r a d  s t a t e  vectors  from the @S seneore, foruard/backward extrapolat ion of 
I 
- 4 
s t a t e  vectors  tu required by operat ional  plmming ( i , e , ,  r ende t~oue ,  payload 
- 
lad, etc,). and providing s ~ e t l s u n r i a e  r b 8  f o r  s o l a r  array u g - n t .  
Use of s t a r  occul ta t ion  da ta  from the s t a r  t rackers  w i l l  be m a l l a b l e  f o r  
infrequent  periods of f u l l y  autonomoue operation, in which l a 1 8  p r e c h e  S t a t e  
vectors  may be acceptable. 
At t i tude  determinetion v i l l  be maintained almost continuouely by fixsd-snount, 
mu-ar t icu la ted  s t a r  t rackers .  Dual-redundant tradrer assambUes coas le t ing  
of th ree  emall-field,  high s e n s i t i v i t y  t rackers  vill provide Saxis h a t i a l  
a t t i t u d e  a t  a eample r a t e  of a t  l e a s t  10 Hz. Bach module equippad w i t h  mclr 
an assembly vill provide i t s  u i q u e  a t t i t u d e  t o  t he  c e n t r a l  a t t i t u d e  procaseor 
f o r  use i n  relative-.module control .  During br ie f  i n t e rna l6  bewear tracker 
s ipht ings ,  as when a pa r t i cu l a r  tracker aaeembly i s  blocked by the e a r t h  o r  
sun, o r  by a nearby vehicle ,  the  i n e r t i d  a t t i t u d e  v i l l  be derived froa a gpto 
package. L n i t l a l t a t i o n  of the  gyros by the t racker  data is axp9cted to 
y i e l d  a continuous and very  p r e c i s e  knowledge of i n e r t i a l  a t t i t u d e .  ! 
The l a r g e  s t a r  c a t a l o g  required v i l l  d i c t a t e  t h e  use  of a s e p a r a t e ,  l a r g e  
1 
capac i ty  memory device .  E i t h e r  magnetic bubble technology. o r  t h e  new o p t i c a l  
d i s k  devices  may be requ i red ,  A ded ica ted  p rocessor  vill he necessa ry  f o r  t h e  I 1 
uavigat ion t a s k  aud another  f o r  t h e  a t t i t u d e  de te rmina t ion  system. As much as 
poss ib le  of t h e  a t t i t u d e  sof tware  w i l l  be r e s i d e n t  i n  t h e  s e n s o r s  t h e m a e l v e ~ .  
See f i g u r e  4.5-1 f o r  a f u n c t i o n a l  f low of the nav iga t ion  subsystem. 
4 .5 .3 .2  Technical  C h a r a c t e r l a t i c s  
1. S t a t e  v e c t o r  accuracy: 
2 100 f e e t  
2. At t idue sensing accuracy: 
+ 0.01 d e g r e ~  
2 0.01 degfsec  
3. A t t i t u d e  output  bandvidth = 10 Hz 
T o t a l  T o t a l  T o t a l  3 4 
Item 4 
- Ex Volume (f  t 9 )  Weight (lbs) Pover (Watts) I 4 ; 
Tracker Bssy 12 1 30 30 I 
1 20 
4 I, 
5  0 Nav. Processors  3 
B I U ' s  3 1 20 5 0 ; 
4 . 5 . 3 . 3  Design Basis $ ! 
S e l e c t i o n  of CPS ae a nav iga t ion  swrce was favored b e w e  of the high  : 
p r e c i s i o n  o f fe red .  VarLoua o t h e r  navigat.ion scheme6 can provide  t h e  '.i i 
d 
.I ', 
autonomous aav ige t ion  d a t a  d e s i r e d ,  but  wi th  coneider ly lass accuracy.  3 . 1  
Deriving o r b i t a l  elements f r o x  L' o c c u l t a t i o n  d a t a  a8 a backup eyetem does 1 1 
: 4 
provide a v i e b l e  autoaomow d e  without  much a d d i t i o n a l  onboard equipment. 
456 !-~,j .*-,  - 
Att i tude  detenninat ion t o  an accuracy less than 0.1 degree r equ i r e s  s t a r  
t rackers .  Other sensors considered included horizon s w o r e ,  sun eermore, GPS 
( r e l a t i v e  pos i t ion  mode). The degree t o  which the  star t rackare  are 4 t o  
provide a t t i t u d e  infoneat ion d i r e c t l y ,  r a the r  than t o  al ine t he  gyros, IE a 
subjec t  of cu r t ea t  study. Some l imi ted  number of gyro-type e m o r e  dl1 
l i k e l y  be required t o  cover occasional  i n t e r v a l e  of "b1Fndzdn trackere. The 
qua l i t y  and accuracy of rate gyro data is camparable t o  the derived rate d a t a  
from &he t rackers .  
Linear accelerometers,  i f  needed, vill  provide feedback t o  t h e  a t t i t u d e  
cont ro l  system t o  a s s i e t  in damping v ib ra t i ons  of t he  d u l e  c lue ta re .  If the 
a t t i t u d e  r a t e  da ta  is s u f f i c i e n t ,  these  devices w i l l  no t  be needed. Thsse 
accelerometers may a l s o  be used during o r b i t  re-boost maneuvers. 
Guidance and Control (GM) 
4.5.4.1 Description 
Provides appropriate  sensor information; accepts  information Emd c d e  f r m  
ground, crew, and other  subsystems; processes appropriate  software l og i c  and' 
bsuea torque o r  d e l t a  V commands t o  momentum devicas o r  reaction 
cont ro l  propulsion devices  such t ha t  Space S t a t i on  a t t i t u d e  and o r b i t a l  
a l t i t u d e  can be cont ro l led  vith appropriate  response epeed and accuracy. A 
top l e v e l  lbt of the  required iaputs ,  processing functione, and outputs  t o  
o ther  subsystems is shown in f igu re  4.5-2. A more comprehensive l i e t i n g  of 
func t iona l  and performance requiremants and eubsystem design t r ade  
conaideratione can be found i n  Space S ta t ion  Yellow Boob 3 d 5 .  
The basic  p r inc ip l e  of operatron is t h a t  of a m u l t i - i n p u t / d t i - o u t p u t  
con t ro l l e r ,  where debired s t a t e s  a r e  compared with ac tua l  (maaeured andlor  
estimated) e t a t ee ,  and the e r ro re  a r e  processed in accordance with a goal of 
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o p t i m i s i q  a performance criteria, t o  form e f f e c t o r  conrmaads. 
6.5 .6 .2  Design Bmie  
Design requirements flow fram mission requireamnte t o  baeic  func t iona l  
requireanants and f i n a l l y  t o  s p e c i f i c  derived performance requirements. The 
mission requirement d r ive re  a re :  
o Orb i t a l  a l t i t u d e  
o Lov g enviromnant 
o Point ing (d i rec t ion ,  accuracy and s t a b i l i t y )  
o Disturbance input8 (requirement t o  minimize influence) 
o. P a y l d  msembly 
o OTV serv ic ing  
o Cargo t r a n s f e r  
o Crev motion 
o Gravity gradient  and aerodynamics 
o F lex ib le  body dynamics 
o Orb i t a l  a l t i t u d e  maintenance and mmentrrm dump propulsive f l u i d  
resupply (requiramant t o  minimize). 
The tradeoff betveen all. propulsive a t t i t u d e  con t ro l  and w e  of mrrmentm 
exchange devices overvhelmingly d i c t a t e  the  latter. Sub-trades vithin t h i s  
group appear t o  favor l a rge  doublegimbal led CMG'e. S t a t e  of t he  a r t  
technology vi11 probably d i c t a t e  i n i t i a l  use of steel ro tor -ba l l  bear ing 
technology ( t o  delay development cos t a ) ,  phasing i n t o  camposite f i b e r  r o t o r s  
with magnetic bearing suspension t o  improve r e l l a b U t p  and reduce ovnership 
t costs .  
Bate gpro assemblies a r e  h e l i n e d  in the  equipment list because they may be 
required as an a id  in f l e x  body dynamics cont ro l .  In t he  final design. they 
may be  dispensable due t o  a v a i l a b i l i t y  of r a t e  i d o n n a t i o n  from o the r  sources 
( s t a r  t rackers ,  IRU's, panel a r t i c u l a t r o n  and CHG g b b d  d r i v e  tachometers, 
4.5.4.3 - Technical Charac te r i s t ice  
- 
o P r inc ipa l  aras o f f s e t  from LVLB adapt ively f o r  Gsro mnmenttrm 
accumulation - d e r  QfC con t ro l  
o I n e r t i a l  hold vith one pr inc ipa l  ax i s  POP under QIG con t ro l  
o At t i tude  maneuvering f o r  s h o r t  time perid Fn any or i en t a t i on  
under RCSIQiG cont ro l  
I 2. Point ing accuracy*: 0 < 0.5 4 1.0 deg. 
' I 
. , 
3. Pointing s t ab i l i t y* :  0 4  0.05 4 0.1 deg/sac 
1 ,  
4. Linear acce le ra t fm*:  10-% 10 -4 4 10-3 8 
. 5. Llomantum storage**: 4,000 - 35,000 f t - l k e c  (probable bun& on 
6. Orbi t  makeup Av: TNl - v ide  va r f a t i on  due t o  uncer ta in  (w/c~) A 
and atmoepberic c h a r a c t e r i s t i c s  
* a t  experimaat munt base 
** f u l l  up s t a t i o n ,  CUG requiremeate a r e  TBD a t  t h i s  time and are very 
sensitive t o  the configurat ion and the  o r i e n t a t i o n  mode chosen, The t o t a l  
f u l l  up s t a t i o n  momentum requiranstl ts  vil l  probably f a l l  in a range betw%en 
4,000 and 35,000 ft-lb-sec. 
-.., 
4.5.4.4 Mass P r o p e r t i e s  and Power 
PEB WIT 
ITEN/UNITS DIMENSIONS (INS) WEIGHT (LBS) AVE POWER (WATTS) 
C H G ' S / ~  40 x 36 DLA CYL 650 
PROCESSORS / 4 7.5 x 10.5 x 15 20 
srvts/4 7.5 x 10.5 x 15 20 
MAGNETOHER/ 2 3 ~ 3 x 5  T BD TBD 4 
TORQUE aARs TBD TBD TBD 
GYRO ASSEMBLIES/5 1 CU FI 
ACCELERATION (5) 1 CU FT 
ASSEMBLIES 
4.5.5 I n t e g r a t e d  Displays  and Cont ro l s  
4.5.5.1 Descr ip t ion  
Provides crew v i s i b i l i t y  i n t o  a l l  subsystems ( d a t a  management, propule ion,  
l i f e  suppor t ,  e t c . )  s h l t a n e o u e l y  and provide8 crew c a p a b i l i t y  f o r  subsystem 
s t a r t u p ,  i n i t i a l i z a t i o n ,  o p e r a t i o n a l  moding, manual p r o p o r t i o n a l  i n p u t s ,  
sefing,  and s h u t d o n .  The d i s p l a y s  and controka s u b s y s t e m  provide  t h e  1 
fol lowing func t ions :  visual alphanumerics,  v i s u a l  g raph ics ,  d i s c r e t e  and :i 
analog manual c o n t r o l s ,  vo ice  con t ro l*  and annunciation*,  aural ton-* and 1 
klaxons*, and a l l  l i g h t i n g  f u n c t i o n s .  A top  l e v e l  l i s t  of t h e  requ i red  : i 
i n p u t s ,  major subsystem f u n c t i o n s ,  and ou tpu t s  t o  o t h e r  subsystems is shown in 
figure 4 . 5 - 3 .  
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4.5.5.2 Design Basis  
The c u r r e n t  O r b i t e r  cockp i t  con ta ins  many t o g g l e  swi tches ,  thumbvheeis, r o t a r y  
swi tches ,  and c i r c u i t  b reakers .  There a r e  many s e t s  of mechanical  d i e p l a y e  
and ins t ruments ,  e lec t romechanical  t a l l b a c k s  and annunc ia to r s  f o r  d e p t c t i n g  
eubsyste-ma o p e r a t i o n / s t a t u s ,  v e h i c l e  a t t i t u d e ,  and nav iga t ion  a i d s .  &my of 
t h a s e  dev ices  a r e  r equ i red  only  dur ing  s p e c i f i c  phaaee of t h e  mission.  
Despi te  ex tens ive  t r a d e o f f s  t o  provide  t h e  b e s t  phys ica l  l a y o u t  of t h i s  l a r g e  
number of d i s p l a y  and c o n t r o l  (DM=) dev ices ,  t h e  STS c o c k p i t  d e s i g n  has tended 
t o  be unvieldy,  i n f l e x i b l e ,  and i n e f f i c i e n t .  U t i l i z a t i o n  of t h i s  D&C 
conf igura t ion  ie l a b o r i o u s  and t F m e - c m ~ g  f o r  t h e  crew and r e q u i r e s  
ex tans ive  and eupeneive crew t r a i n l n g  t o  master .  Also, the r e l i a b i l i t y  of 
t h e s e  devices, p a r t i c u l a r l y  the e lec t ramecb.r ica l  t a lkbacks ,  h88 praeanted 
problems. Many paper d a t a  b o o b  a r e  s t d  onboard f o r  r e f e r e n c e  as needed, 
vh ich  g r e a t l y  adds t o  the c l u t t e r  in t h e  c o c k p i t  area and results i n  
I n e f f i c i e n t  f l i g h t  c r e v  opera t ions .  
The i n t e g r a t e d  Db' subsystem f o r  t h e  Space S t a t i o n  should employ c o l o r  CBT's 
and/or f l a t  panel  d e v i c m  f o r  multi-pu-e d i s p l a y s ,  and d e v i c e s  such a~ 
l i q u i d  c r y s t a l s  f o r  ded ica ted  d i s p l a y s  and replacement of e l e c t r o m e c h d c a l  
ta lkbacks .  Mul t i - func t iona l  c o n t r o l  dev ices  such as programmable legend 
pushbutton s v i t c h  Ireyboards, touchpanel CBT over lays ,  e t c . ,  should  be employed 
t o  reduce t h e  l a r g e  q u a n t i t y  of swi tching d e v i c e s  such a.e is  used on t h e  
Orb i t e r .  The above d e v i c e s  should be dasigned f o r  high r e l i a b i l i t y ,  l o v e r  
power and weight,  and l e s s  volunae and rea .  F l i g h t  d a t a  f i l e s  could be 
d ig i tFzad  a d  e t o r d  f o r  e u b e q u a n t  e l e c t r o n i c  d i s p l a y ,  
4 .5 .5 .3  Technical Characteristics 
I 
1. Dieplay s i ze  and type ( i . e . ,  h t e r / ~ t r o k e )  - TED 
, 
, '  2 .  Display luminance - TED 
3.  Display reeolution - TBD 
4 .  Display color capability - TBD 
1 
5 .  Display graphics capabi l i t ies  ( i . e . ,  3-D plot )  - TED 
6 .  Display refresh rate - TBD 
*In conjunction with the Audio Subeyetam 
4 . 5 . 5 . 4  Hass P r o p e r t i e s  and Power 
1 
PEB UNIT 
ITEHsIUNITS DrWENSIONS ( I N S )  WEIGHT (LBS) AVE POWER (WATTS) 
- 
'I 
CRT DISPLAY UNIT/25 1 0  x 13 x 15 
12 C / C .  9 HAB, 2 EACH LAB 
DISPLAYEZECTRONICS 1 1 x 1 2 ~ 8  
UNIT125 
12 C/C, 9 HAB, 2 EACH LBB 
FLAT PANEL DISPLAY129 8 x 5 x 1 
12 clc,  9 HAB, 4 EACH LAB 
PROCESSOFG17 7 . 5  x 10.5 x 15 2 0 
3 CC, 2 EAB, 1 EBI=H LAB 
BIU'S 4 7 . 5  x 1 0 . 5  x 15 2 0 
PORTABLE TERMINBL 13  18  x 12  x 2 
2 c /c ,  9 EiAB, 1 EACH LAB 
DEDICATED CIRCUIT 
AND SWITCHES 
DM; LOOK-IN STATIOI BSSEMELYIP~~LS 3 o 
4.5.6 F l i g h t  Data Management System (FDW) 
4 . 5 . 6 . 1  Descr ip t ion  
1, The FDMS i s  t h e  i n t e g r a t i n g  system f o r  t h e  Space S t a t i o n .  It p rov ides  t h e  
r: 
machaniem f o r  a l l  inter-Space S t a t i o n  d a t a  and i n f o t n a t i o n  erchauge among 
1 
subsystems, payloads,  D6C8 o t h e r  v e h i c l e s  and ground. Using a d i s t r i b u t e d  
[ a v i o n i c s  concept,  each subsyetem vill be charged v i t h  r e s p o n s i b i l i t y  f o r  
F 
t providing i ts own i n t e r n a l  d a t a  process ing,  inc lud ing  i t e  own a p p l i c a t i o n s  
1. sof tware  des ign ,  development, and v e r i f i c a t i o n .  For purposes of t o t a l  eyetem 
Fn tegra t ion ,  v e r i f i c a t i o n ,  and hardware/software conrmonality, t h e  F D U  vill 
s p e c i f y  a common bus i n t e r f a c e  u n i t  (BIU) and high o r d e r  language (HOL) f o r  
I 
subsystem a p p l i c a t i o n s  s o f t v a r e .  
I 
i The s t andard ized  B I U  vill I n t e r f a c e  t h e  u s e r  (subsyetem) v i t h  t h e  nehrork.  
I 
I The network v i l l  be reconf igurab le  and adap tab le  t o  suppor t  Space S t a t i o n  
bui ldup,  o p e r a t i o n a l  grawth, and contingency c o n t r o l .  The B I U  s h a l l  conform 
t o  t h e  I n t e r n a t i o n a l  Standards  Organizat ion Open Systems In te rconnec t ion  
(ISO/OSI) r e f e r e n c e  mwlel. Func t iona l ly ,  any device  w i t h  a BIU s h a l l  be a b l e  
?, t o  c ~ i c a t e  over  t h e  d a t a  network wi th  any o t h e r  dev ice  con ta in ing  a B I U .  
I Furthermore, t h e  B I U  shall provide  s e r v i c e s  such a~ e r r o r  d e t e c t i o n  and 
automatic r e t ransmiss ion  of packa t s ,  redundancy tasks, i n i t i a l i z a t i o n ,  e t c .  
It s h a l l  a l s o  perform s e l f - t e s t s  and main ta in  a s t a t u e  of its h e a l t h ,  
For purpose of t h i s  documantation, t h e  subsystem processore  and t h e i r  BTU's  
i 
i have been l i s t e d  wi th  t h e i r  r e s p e c t i v e  subsystame. This is  t h e  r e s u l t  of a 
"bottom up" approach t o  d e f i n i t i o n  of p rocess ing  requiremants  and t h e  f a c t  
that t h e  FDHS a r c h i t e c t u r e  and t h e  FDMS e n t i t y  is s t i l l  TED. 
I n  a d d i t i o n  t o  t h e  func t ion  of a n  intra-Space S t a t i o n  d a t a  and informat ion 
eyetam, t h e  FDMS w i l l  provide  a connuon t iming r a f 5 r a n c e  and o t h e r  TED d a t a  
s e r v i c e s ,  such as a r c h i v a l  d a t a  e to rage  and tempwary dynamic bulk d a t a  
s t o r e b e  and r e t r i e v a l .  
4 . 5 . 6 . 2  Design Baeie 
No s p e c i f i c  des ign  " e t r a v  man" is p o s t u l a t e d  he re in ;  however, due t o  
a n t i c i p a t i o n  of extremely high d a t a  r a t e  requiremants ,  f i b e r  o p t i c e  d a t a  
f busses w i l l  probably be u e d .  &so, i t  i e  a n t i c i p t e d  t h a t  t h e  Space 
S t a t i o n  w i l l  b e f i t  from c u r r e n t  DOD development of s t andard ized  a i r b o r n e  
mlcroproceesor computere w i n g  ve ry  l a r g e  s c a l e  i n t e g r a t i o n  ( U I )  technology. .' 
See f i g u r e  4.5-4 f o r  a f u n c t i o n a l  f h  diagrgm of the d a t a  management 
subsystem. 
4.5 .6 .3  Technical  C h a r a c t e r i s t i c s  +. TBD 
I 
4 .5 .6 .4  Hase P r o p e r t i e s  and Power - TBD 
PEE UNIT 
ITEM DIXESSIUNS VrsIGHT (LBS) P O W  (WATTS) 
/ 
I' FREE PROCESSING STATION (3) 
I, 2 B I U ' S  (3)  7 .5  x 1 0 . 5  x 15 2 0  50 
ARCHIVAL STORAGE (3) 1 CU FT 
TIHE EEFEBWCE (3)  1 C U F T  
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4.5.7 F a c i l i t i e s  Hanagement (PM) 
4.5.7.1 uescr ip t ion  
The FH subsystem has three important major aspecte.  F i r s t ,  i t  perform8 as a 
dynamic da ta  base of ths c m p l e t e  Space S t a t i on  configuration, both physical  
and operat ional ,  i n c l u d h g  at tached payloads, OITV/TM.S/H)IIU, consumable 
inventory subsystem s t a t u s ,  e t c .  The second major aspect is t h a t  of an 
operat ional  sof tvare  program that permits the crew and/or ground t o  off-load 
t h e i r  a c t i v i t y  i n t o  automated operat ions.  The t h i r d  major aspect  ia t h a t  of 
performing spec f f i c  assigned du t i e s ,  such ae computing mass proper t ies ,  
proviLing Integrated I'.spl.ay formats, performing subsyetem test and chedmqt 
a t  a l e v e l  higher t .  ..J.. self-contained anhayatan s p e c i f i c  bu i l t - in - tes t  
capabi l i ty .  
The bas ic  f d ~ t i o n s  of FM, a s  dsfined t o  date, along vith i t s  associated 
inputs  and outputs,  a r e  shown in f i g u r e  4.55. 
The subsystem, along with four  o ther  operat ions or iented (or  management) type 
subsystems (Operations Planning and Scheduling, Payload Operations, Propulsion I 
S t a t e  Management, and T r a f f i c  Control) evolved £ram a p ro j ec t  t h a t  attempted I 
t o  i den t i fy  all Space S ta t lo .?  funct ions involving data praceasing. These I 
funct ions were then processed through a set of screening c r i t e r i a  t o  l og i ca l l y  ! I 
group them In to  subsystems (reference JSC 18740). The manner in vhich these  
management subsystems relate LO eacb o the r ,  and t o  the o ther  subsysteme, ie 
dis-ussed in more d e t a i l  in JSC Lnternal Note 119099. 
LE
VE
L 
I
 -
 
IN
PU
T/
OU
TP
UT
 F
UN
CT
IO
NA
L 
PL
OW
 
IN
PU
TS
 R
EQ
UI
RE
D 
FR
OM
 
SU
BS
YS
TE
M:
 
FA
CI
LI
TI
ES
 M
AN
AG
EM
EN
T 
SU
BS
YS
TE
M 
OU
TP
UT
S 
RE
QU
IR
ED
 B
Y 
-
.
 
OT
HE
R 
SU
BS
YS
TE
MS
 
m
E
R
 S
UB
SY
ST
EM
S 
W
U
O
R
 S
UB
SY
ST
EM
 F
UN
CT
IO
NS
: 
CR
EW
 C
OM
MA
ND
S 
VI
A 
D6
C 
o
 
PL
AN
S,
 W
ST
BU
CT
IO
NS
, 
ET
C.
 
VI
A 
OP
ER
AT
IO
NS
 b
 P
LA
NN
IN
G 
SU
B-
 
SY
ST
EM
S 
(W
IT
H 
CR
EW
 A
PP
RO
VA
L)
 
0
 
GR
OU
ND
 I
NP
UT
S 
VI
A 
UP
LI
NK
 
SU
BS
YS
TE
M 
ST
AT
US
 F
OR
 E
AC
H 
SU
B-
 
SU
BS
YS
TE
M 
MG
T 
-
 
IN
IT
IA
LI
ZA
TI
ON
 
-
 
ST
il
TU
S/
HE
AL
TH
 M
ON
IT
OR
IN
G 
-
 
SU
BS
YS
TE
M 
RE
CO
NF
IG
UR
AT
IO
N 
-
 
CO
MM
AN
DS
 I
N 
UN
'M
AN
NE
D 
OP
ER
AT
TO
NS
 
-
 
DE
AC
TI
VA
TI
ON
 
FA
CI
LI
TY
 S
TA
TU
S 
-
 
VE
HI
CL
E 
CO
NF
IG
UR
AT
IO
M 
MO
NI
TO
RI
NG
 
-
 
MA
IN
TA
IN
 V
EH
IC
LE
 M
AS
S 
PR
OP
ER
TI
ES
 
-
 
EX
EC
UT
E 
CR
EW
 C
OM
MA
ND
S 
RE
CE
IV
ED
 V
IA
 D
6C
 
-
 
EX
EC
UT
E 
PR
E'
LA
NN
ED
 
OP
ER
AT
IO
NS
, 
EM
ER
GE
NC
Y 
PR
OC
ED
UR
ES
, 
ET
C.
 
RE
CE
IV
ED
 F
RO
M 
CR
EW
 V
IA
 
DM
: 
AN
D 
TH
E 
OP
ER
AT
IO
NS
 b
 P
LA
NN
IN
G 
SU
B-
 
SY
ST
EM
S 
LO
GI
ST
IC
 S
YS
TE
M 
M
Am
 
W
A
N
C
E
 
SA
FE
TY
 
RE
SO
UR
CE
 A
LL
OC
AT
IO
N 
VE
HI
CL
E,
 S
UB
SY
ST
W 
ST
AT
US
 T
O 
CR
EW
 V
IA
 D
6C
 
RE
CO
NF
Il
TJ
RA
TI
ON
 C
OM
MA
ND
 T
O 
SU
BS
YS
TE
MS
 
OP
ER
AT
IN
G 
CO
MM
AN
D 
TO
 S
UB
- 
SY
ST
EM
S 
DO
WN
LI
NK
 D
AT
A 
6 
ST
AT
US
 
SP
AR
ES
, 
ST
OR
ES
, 
IN
VE
NT
OR
Y 
ST
AT
US
 T
O 
GR
OU
ND
 D
OU
LI
NK
 
W
S
 PR
OP
ER
TI
ES
 D
AT
A 
TO
 G
6C
 
SU
BS
YS
TE
M 
Fi
gu
re
 4
.5
-5
 
4.5.7.3 Technical Characterietics - TBD 
4.5.7.4 &ss Properties and Power -
The assumption at thie t h e  ~ E J  that the facilities managemant subayetam v l l l  
reside iP redundant regional procaemre. 
BIU'S (4) 7.5 x 10.5 x 15 2 0 50 
4.5 .8  Operations Planning and Scheduling (OPS PLAN) 
:i 
i 4.5.8.1 Description 
The process of Integrating information from ground planners, principal 
investigators, data bases, and Space Station status to provide the top lev& 
!I authoritative direction and plans for both ehort tern and long term Space 
Station activities. In other wrds, OPS TLBN as a subeyetern entity i~ 
principally a dynamic data base that serves a purpose similar to that of the 
LUBsion Operation Plane and Flight Procedures PIanuale for Shuttle but also 
provides unique display format and wer interactive computer program that 
permit ready access to, and manipulation of the data basa. Some of the top 
L level functions and interfaces of OPS PLAY are shown in figure 4.5-6. 
I 4 .5 .8 .2  Design Basis 
No detailed design or trade-off option selections are available at thls time. 
The evolution of P/L OPS as a subeystem concept is the same aa that described 
1 
under FH. 
I 
I 4.5.8.3 Technical Characteristics: TBD 
I 4.5.8.4 Mass Properties and Parer 
-! 
' 
The assumption at this time is that the Operations P h h g  and Srharlrlliag 
subsyetem will reside in one or nore regional processors. 
i I 
I PER UNIT 
ITm /UNITS DIMENSIONS (INS) WEIGHT (LBS) AVER. POWER (WATTS) 
PROCESSORS (3) 7.5 x 10.5 x 15 20 5 0 
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4.5.9 Payload Operations (P/L OPS) 
*. 4.5.9.1 Descript ion 
r 
Payload o p e r a t i o w ,  a s  a subyetem e n t i t y ,  w i l l  conaiet  of enabling hardvare 
and software t h a t  provides t he  i n t e r f a c e  betvean payloade a d  the core  
f a c i l i t y ,  crew and pay-, and t o  some degree between payloade cmd the RIMS. 
To da te ,  only data flow requirements have been addrassed, and t h e  a r e  abam 
in f i gu re  4.5-7. P/L OPS should have r a spone ib i l i t p  f o r  secondary s t r u c t u r e  
r e q u i r d  f o r  payload mounting, f a c i l i t y  attachments f o r  p m r ,  coo1is.q and 
, darn, berthing f a c i l i t i a e  f o r  maintenance, r e p a i r  and storage,  checkout 
equipmant, manipulator eystems, and so f tva re  t h a t  would enable the ground o r  
I 
- 
crew t o  autcrmate rou t ine  r a p s t i t i v e  operations.  F h i B  software wuld ale0 
maiataln e t a t u s  of all at tached and detached payloade and provide con t ro l  in a 
rnanner analogous t o  the way FM i n t e r f ace8  with t h e  core  subsys tem and be the 
repos i tory  f o r  da t a  on pay loab ,  similar t o  t b t  cu r r en t ly  being documented in 
the Cargo Syeteme Manuals f o r  tha S h u t t l e  Orbi ter .  
4.5.9.2 Design Baals 
No de ta i l ed  d a i g n  o r  trade-off o p t h  s e l ec t i ons  are ava i l ab l e  a t  this tima. 
The evolut ion of P/L OPS as a subsystem concept is the stape as t h a t  described 
under PH. 
Technical C h a r a c t e r b t i c s :  TBD 
4.5.9.4 h s  Proper t ies  and Power: TBD 
The amumption a t  t h h  time ie t b a t  the P/L OPS subeyetam wFll real& in one 
o r  more regional  procaasore. 
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4.5.10 Tra f f i c  Control Subsystem (TCS) 
4.5.10.1 Description 
Accepts s m o r  information £ram TrackFng Subsystem r e l a t i v e  t o  vehic les  being 
tracked and transmitted s t a t e  vector  information from a a t a l l i t a o  v i t h  CPS. 
Thie information is used by the T r a f f i c  Control Subsystem t o  produce r e l a t i v e  
s t a t e  vec tors  of all vehic les  being tracked in addi t ion  t o  ephemerides of 
thoae vehicles .  This information is then u t i l i z e d  t o  determine daeired 
posi t ione meeting payload requirements and Faeuring c o l l i s i o n  avoidance. 
Delta V c d s  a r e  generated and transmitted v i a  the  Communication 
Subsystems. The Tra f f i c  Control Subsystem has cont ro l  r e spons ib i l i t y  f o r  
s a t e l l i t e s ,  incoming rendezvous vehic les  and outgoing OTV and TIC3 un i t e  withh 
a  defined cont ro l  boundary t en t a t ive ly  defined as a 8 Km sphere. Docking 
vehic les  w i l l  be p rec i t e ly  cont ro l led  v i t h  both d e l t a  V and a t t i t u d e  c d a .  
Vehicles t o  be Launched from the Space S ta t ion  w i l l  be provided with a desired 
t r a j ec to ry  and i gn i t i on  time by T r a f f i c  Control. T r a f f i c  Control will provide 
dieplay Mormat ion  f o r  monitoring purposes. Operations v l l l  be automatic but 
Tra f f i c  Control w i l l  accept manual c d s .  
The baeic principle of operation is that of a multi-input/multi-output 
controller vhere desired states are compared with maaeured states and the 
errors procseeed to optimize a psrfomce criteria i~ formlng effector 
cnmm~ndg. 
4.5.10.2 Design Basis 
Design requirements f l w  from Space Station .-dssion 8nd satellite miesion 
requ!.remente to baeic functional requirements, and finally to specific derived 
performance requirements. 
Specific requiremen: drivers are: 
1. Satellite miseion requirements 
o Pointing coneiderations and accuracies 
o Viewing conaiderations and accuracies 
o Proximity coneideratione 
2. Launch vehicle targeting requirements 
3. Docking mechanism interface limitations 
o Position accuracy requirements 
o Orientation accuracy requirements 
o Velocity constraints 
4. Safety consideratione 
o ninim-um separation distance between vehicles 
o nAnlrmrm allovable closure rates 
o Failure protection requiremanta and conditim 
5 .  Tracking sobeystem limitations 
o Angle s w i n g  accuracisr, 
o Range mtxwuramsnt accuracies 
6. Transmittad eatallite GPS update rate limftstione 
I 
This subeystam as currently conceived does not have a great deal of 
Redundant processors and bus interface units. Most of the design trade-offs 
considered thus far have been concerned vlth task partitioning between tbe 
various subsystems artd the data which must flow between them. Later design 
1' 
trades vill involve the processor selection (speed, memory, size, and 
instruction set) and the software implementation of the control algorithms, in 
addition to the redundancy managamant schemes for the multiple proceasore. 
4.5.10.3 Technical Characteristic8 
1 .  Operating modes (on individual vehicle/aatellite basis) 
o State vector monitoring only 1 
o State vector monitoring and position control 
.d 
3 o State vector monitoring vith both poeition and attitude control (for 
I 
i 
i special vehicles only) 
4 o Bendernous vehicle state vector monitoring and prediction 
! 
I o Docking vehicle monitoring and control (position and attitude) 
,' 
o Docking mechanism control to erfect final latch up 
2. Satellite position control accuracy: + 200 feet with satellite CPS: + TBD 
5 
without satellite GPS. 
i 
3. Satellite velocity control accuracy: 
+ TBD ft/aec vlth satellite GPS 
+ TBD without satellite GPS 
I PEE UNIT 
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4.6 8 t r u c t u r e e  Def i p i t i o q  
4.6.1 Truss  
The purpose of t h i s  s e c t i o n  is  t o  f a m i l i a r i z e  t h e  reader  wi th  l a r g e  p lanar  t r u e s e e  
ae  r e l a t e d  t o  Space S t a t i o n  cone t ruc t ion .  Large p l a n a r  t r u s s e e  have been proposed 
t o  provide  a s o l i d  foundat ion f o r  c o a e t r u c t i o a  of the  Space S t a t i o n .  I n  t h i e  i 
etudy,  l a r g e  p l a n a r  t r u s s e e  f o r  t h e  backbone of two ( b i g  "T" and D e l t a )  of t h e  i 
t h r e e  c o n f i g u r a t i o n s  coneidered.  l o t  only v i l l  they eerpe  t o  eecure  t h e  v a r i o u s  
'1 , 
modules but they w i l l  a l e o  se rve  t o  provide  a s o l i d  eupport e t r u c t u r e  f o r  mounting 4 ,  
" I 
r a d i a t o r s ,  e o l a r  a r r a p e ,  plumbing and e l e c t r i c a l  rune,  s t o r a g e  a r e a s  f o r  payloade,  I! I 
I i 4 : 
Om's and tank f a m e ,  and l a r g e  work a r e a s  f o r  t h e  c o n s t r u c t i o n  of l a r g e  antennae { - 
and the  s e r p i c i n g  of l a r g e  boos te r s .  i 
.I t i  !I ; 
Transpor ta t ion  of the  l a r g e  t r u s ~ e e  t o  o r b i t  r e q u i r e s  t h a t  they be packaged i n  a  ; 
co l l apeed  s t a t e  t o  f i t  v i t h i n  t h e  conf ine8 of t h e  O r b i t e r  payload bay. This  j \ ?I ; 
requirement can be met by e i t h e r  packaging each i n d i v i d u a l  t r u s e  member and 1 + i , 
aaeoc ia ted  hardvare ,  then  p h y s i c a l l y  cone t ruc t ing  t h e  t r u e s  from tbeee  components 1, 
j i 
while  i n  o r b i t ,  o r  t h e  t r u e e  can be designed t o  be folded t o  f i t  t h e  payload bay, 4 : 
then a u t a n a t i c a l l y  deploy8 t o  i t e  extended c o n f i g u r a t i o n  when in o r b i t .  l o r  t h i e  
s tudy ,  an a u t m a t  i c a l l y  deployable  e t r u c t u r e  uas  s e l e c t e d  t o  f a c i l i t a t e  eyetern 3 : 
d e f i n i t i o n .  The e a r t h  aeeembled and packaged e t r u c t u r e  concept a l e o  has t h e  , 1 ' I 
-1 
d e s i r a b l e  f e a t u r e  of element q u a l i t y  a e s u r a n c e / r e j e c t i o n  k r inx  t o  launch. I n  terms 
of cone t ruc t ing  a  l a r g e  a r e a  of e t r u c t u r e  i n  t h e  e h o r t e e t  amount of time, t h e  
deployable concept is unmatched by even t h e  most o p t i m i s t i c  e s t ima tae  of ou-orbit I 
Bsviev of various fu tu re  space p ro j ec t s  including space so l a r  p w e r  
coamronication antenna, and other  work platform f a c i l i t i e s  Fadicate 
t ha t  the  modular p h e t  truss s t r u c t u r e  provides t he  necessary building block 
fo r  a t rength and s t i f f n e e s .  Evolving from these e tud i e s ,  the t e t r ahed ra l  
planer t rues  has been shown t o  provide t h e  l i g h t e s t  weight s t r u c t u r e  and the 
highset  f i r s t  mode na tu ra l  fraquency when compared t o  o ther  generic t ruesee of 
equal depth and planform area.  Ln addi t ion ,  t he  s t r u c t u r a l  arrangement of t he  
umbers vi th in the t e t r ahed ra l  t r u s s  module causes t h b  s t r u c t u r e  t o  be highly 
redundant vhich d w s  a l t e r n a t e  load pathe should any of i t e  member8 tmcm 
damaged, 
Figure 4.61 s h w s  a t y p i c a l  t e t r a h e d r a l  truss c e l l  composed of energy 
contained fo ldable  members t h a t  allw t h e  c e l l  t o  be collapead t o  a c q a c t  
package and au tona t i ca l l y  deployed. The fo ldable  members a r e  hinged a t  thdr 
midpoint and fo ld  ta ra rde  t he  cen t e r  of t he  planar  t ruee.  That i e ,  t he  
fo ldable  utembers on the t o p  fo ld  d m  and those on t he  bottom fo ld  up. The 
rum-foldable members simple hinge a t  t h e  nodas. The f i n a l  package forms a 
d l  volume u n i t  and ie i d e d l y  eu i ted  f o r  etawage in the Orbi te r  payload 
bay. b a y  of these t yp i ca l  c e l l a  linkad together  form the  u l t ra - la rge  planar 
area required f o r  t he  Space S t a t l on  trues frame. It should be noted that tha 
pachging dens i ty  of t he  cell ie a func t ion  of the d a t e r  of t he  trues 
mamber node f i t t i n g s  shown in f i g u r e  4,,6-2. When the truss ie col lapsed,  each 
of the  node f i t t i n g s  in each surface wFLl l ie  adjactmt t o  each other .  For a 
t yp i ca l  2.0 inch d h n e t e r  trrrse member, the node f i t t i n g  diameter w i l l  be 
8.5". Ueing a mmhr l sng th  of 10 f ~ t r  the packaged volrrme of thy . w e  v i l l  
be about .6X of t he  f u l l y  expanded trues volume. 
Success of paclragiug and au toaa t i c  deployment of tbre concept is dependeat on 
the  fo ldable  mambsr j o i n t  design. A t y p i c a l  fo ldable  j o i n t  daeign is shown Fa 
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f i gu re  4.6-3 vhich c o n t d r s  an off-center hinge t h a t  w i l l  allow the member t o  
fo ld  in balf f o r  compact s t w a g e .  Also deeigned i n t o  t h b  j o i n t ,  is a sp r ing  
energy and loclcing merhwniem t h a t  vFll provide the fo rce  necessary t o  r o t a t e  
the mnn\hnr from i ts  s t d  pos i t i on  t o  i t s  f u l l y  extended pos i t i on  and lock i t  
in place. Tha lock and hinge also provide load paths and baarlng sur f  acss t o  
r eac t  member taas ion  and campraseion loads. Additional p r e c a q r e a s i a n  of the 
j o i n t  i~ achieved by a cable  system running through t h e  extended t ruae  t o  
s p l y  a d d ? , ' d  comprmsion t o  t h e  'hinged j o i n t  thus causing nnp j o i n t  
cl;cirancee t o  be takan up in me di rec t ion .  TUB eliminates a zaro e t l f f m a a  
w d d  band" in the j o i n t  and thu e l h h a t e s  a degraded o v e r a l l  natural 
f reqnenc y . 
Due t o  the  L u g e  sa r f ace  area e x p o 4  t o  the thermal saviromnant, i t  ie highly 
das i r ab l e  t o  mawfacture  t h e  truss components from matar ta le  Lhat have a very 
low, if no t  zero, coe f f i c i en t  of thermal expansion. P r i o r  s t ud l ea  of the 
t e t r ahed ra l  trrrae f o r  Space S t a t i o n  appl ica t ions  considered manufacturing tha 
tubular  trues membare frcun a balaaced p ly  lay-up of high modulue 
graphite/epoxy cmpoai te .  Using thie material yielded a c o a f f i c i e n t  of 
thermal expansion of 0.5 x l d6  inrhe~/inch/~P. The balanced p ly  lap-up of 
t he  ccrmposite t o  produce this low co.efficient of t h e d  axpcmeion d i c t a t ed  
that the c a m p e i t e  must be composed of seven p l i e s  of graphite/epoxy which 
raeu l ted  in a tubula t  va l l  t h i c k b a s  of 0.035 Inchse. 
Additional stress analyeee performed on thie tuba shoved that t h e  e t r u c t u r a l  
member vae aot critical f o r  the imposed ul t imata  design loading and that the 
l a rge  planar  tm made from t h i e  tubing had a high f i r s t  mode natural 
frequency of 5.44 Hz f o r  t h e  D e l t a  configuration. It ha8 also bean propoeed 
t ha t  due t o  t h e  l a rge  mmbr of h r  cluster and end f i t t i n g s  required t o  
cons t ruc t  the ULTRA-large t e t r ahed ra l  traae, thaee f i t t i n g s  tta mada of molded 
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graphitelepoxy compoaitw. Strength analpea and contacts with uaU knoyn 
anntlfacturee of this type of product indicate t h a t  the proposal l e  f eas ib le  
and would be a cost  reduction in the manufacture of the truse hardware. 
Figure 4.64 shove the  sequaatial  deployment of the  planar t ruesae in the 
d e l t a  c d i g u r a t i o n .  One outetanding fea ture  of t h b  deployable t r u 8  system : 
Fe that it ia s t a b l e  during deployment. Actually, tbe  sptem can be 
m a t h m t i c a l l y  described rw a s ingle  degree of f r eedm during deployment. 
Theredore, the e n t i r e  s t a t i o n  trusses can be deployed simultaneously limited 
only by the Orbiter payload bay space. The s ides  of the delta IOC can all be 
st& within the Shut t le  payload bay with roam f o r  other  equipment. The 
e f f e c t  of thie concept is t o  provide the basic foundatFon of the e ta t ion  in 
the f h t  Inrmrh. 
4.6.2 Modules 
Previous Space Sta t ion  s tudies  have 8hm t ha t  the  s t ruc tu ra l  sizing of a 
Shut t le  launched Space Sta t ion  module is  genarally govarned by the luad.e 
experienced f o r  the Shut t le  f l i g h t  environmente ra ther  tha t  the actidty t ha t  
the  d u l e  ie t o  perform wblle attached t o  the s ta t ion .  It would appear that 
since the s t ruc tu ra l  design environment ia known, it wmld k econmicaUy 
feasible t o  de.sign one module and l e t  this design be used f o r  any function 
that might be required such ae habi ta t ,  laboratory, etc. Odly one set of 
tooling vould be reqoired fo r  uumufacturing and strength d l i f e  
ce r t i f i ca t ion  uould cestalnly be mInimizr.Prl. 
In tba a t t q t  t o  a r r ive  a t  a c o m m  e t ruc tu ra l  e a t i t y  that can be wmd f o r  : 
all p r o p o d  module configuretione, it has bean proposed tha t  a common 
cyl indr ica l  sect ion of 88" be salected.  By adding o r  subtract ing the 
cyl indr ica l  segments, the several  udnlea proposed in this study can be 
copetructed. The habi ta t  module vU.l contain f i v e  of theaa segmente; the 
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l o g l a t i c s  module w i l l  contain two  of these segments, e t c .  The segments can be 
designed f o r  the  wst c r i t i c a l  loads enviromr~ent and mass produced; horraver, 
this implies tha t  f o r  soma uses ,  the  common c y l i n d r i c a l  segmeat w i l l  b over 
designed, o r  heavpveight . 
The following liet s p e c i f i e s  general  requirements t h a t  have beem i d e n t i f i e d  
f o r  the Space S t a t i on  d u l e .  
1. The d u l e  should be made of marer ia ls  t h a t  vill provide a service 
l i f t  of 10 years  o r  g r ea t e r  without refurbishment. 
2. Module gross  weight and ove ra l l  dimensions t o  u t i l i z e  maxintrrrn Shu t t l e  
capab i l i t i e s .  
3. Provide s t rength  i n t e g r i t y  t o  sus t a in  a mnrmed shirtsleetve 
environment of 14.7 psia .  
4. Provide adequate i n t e r n a l  attachment s t r u c t u r e  f o r  tnodule f tmct ion 
configuration. 
5. Provide ae teoro id  pro tec t ion  f o r  10 year l i f e  o r  b e t t e r .  
6. Provide docking o r  ber thing capab i l i t y  t o  o ther  d u l e s  and the Space 
Shut t le .  
7. Provide d u d  ingress  and egress  capabi l i ty .  
8. St ruc tu ra l  u l t imate  f a c t o r s  of s a f e t y  
- 2.0 f o r  pressure loading 
- 1.4 f o r  mechanical and thermal loading 
Implied in the  requirement f o r  a module s e rv i ce  l i f e  of 10 years  o r  b e t t e r  is 
the s e l ec t i on  of a s t r u c t u r a l  mater ia l  t h a t  v l l l  not s u f f e r  erosion from t h e  
space environment aa we11 aa maintain s u f f i c i e n t  s t r eng th  t o  endure mul t ip le  
r epe t i t i ons  of pressure and thermal c,fcling. Also implied in the requiremant 
t o  maintain an i n t e r n a l  pressure of 14.7 ps i a ,  are acceptable  leakage r a t e s .  
It i s  expected t h a t  i t  would be d i f f i c u l t  t o  maintain an acceptable  leakage 
r a t e  f o r  a Podule made of conventional  r i v e t e d  sk in - s t r inger  cons t ruc t ion  f o r  
tbe long 10 year  tanure;  t h e r e f o r e ,  t o  s a t i s f y  both the  l i f e  and m a t e r i a l  
requirements, i t  is proposed t h a t  t h e  module be const ructed of a l l  velded 
h t e g r a l l y  mchfaed  skin-strfi;ger panels  ueing 2219 aluminum a late. 
Shut t le  -go bay dLnreaeions d i c t a t e  t h a t  t h e  m d u l e  payload should be a long 
c y l i n d r i c a l  package t o  u t i l i z e  the  maxFmum cargo space a v a i l a b l e .  Therefore,  
i t  fo l lovo  that the b a s i c  shape of t h e  module should be a c y l i n d r i c a l  pressure  
veasal terminated on b ~ t h  ends v i t h  domes. The conf igura t ion  a l ready  
aetabliahd f o r  the c ~ l m r i c a l  p o r t i o n  of t h e  module i s  an all w l d e d  
i n t e g r a l l y  nrachined eldn-s t r inger  s h e l l .  The conf igura t ion  f o r  the  and domes 
should be selected t o  preclude high d i s c o n t i n u i t y  s t r e s s e s  a t  t h e  
d-/cylinder i n t e r f a c e .  From an extensive  s tudy of dome end c losuras  i n  
reference  4.61, a r e c m d e d  s h e l l  geaaet ry  t o  be used f o r  t h e  module is the  
caseinan d m .  This  p a r t i c u l a r  dape is f o r  a genera l  c l a s s  of s h e l l s  of vhich 
the hemispherical  and e l l i p s o i d a l  d m s  a r e  s p e c i a l  cases .  It a l s o  has  
iatprassive p roper t i e s ,  from a s t r u c t u r e s  point  of view, of having n e g l i g i b l e  
d i s c w t h u i t y  s t r e s s e s  a t  t h e  domelcylinder i n t e r f a c e  and no compressive 
membrane s t r e s s e s  f o r  i n t e r n a l  p ressure  loading.  It is  a l s o  a t t r a c t i v e  
because t h e  f a t i g u e  l i f e  a t  t h e  domelcylinder i n t e r f a c e  w i l l  be minimized f o r  
internal p r e a m r e  and thermal cyc l ing  loads.  It is  a n t i c i p a t e d  t h a t  due t o  
i ts l a r g e  diameter,  t h e  domes w u l d  be manufactured from gores and welded 
together .  A t  t h i s  po in t ,  i t  would appear f e a s i b l e  t o  weld i n  e x t e r n a l  
s t i f f e n e r s  along the  gore i n t e r f a c e s  t o  provide at tachment f o r  the  required 
nreteroid p r o t e c t i o n  s h i e l d .  
S t r u c t u r a l  s i z i n g  of tha ntodule should consider  t h e  l a r g e s t  payload t o  be 
c a r r i e d  by the  Orbi ter .  The l a r g e s t  d u l e  proposed by this study is t h e  
h a b i t a t  d a l e  which hae an o v e r a l l  l eng th  of 528" and is co~rpr ised of f i v e  
cy l ind r i ca l  elements and two end domes. The c y l i n d r i c a l  langth of the d a l e  
Fs 4UOU which I s  only 43" sho r t e r  than the  de t a i l ed  s t r u c t u r a l  design study of 
tho Shu t t l e  launched s t a t i o n  d u l e  of reference 4.6-2. The module in t h b  
reference vaa s h e d  f o r  Orbi te r  launch and landing loads and a l s o  contained 
meteoroid pro tec t ion  f o r  a 10 year l i f e .  S h c e  the  two module configurations 
are arrsemtlally identical, the  d e s i g n  da ta  t h a t  was generated w i l l  be 
appl icab le  t o  the prssant  study. The ul t imate  design load8 f o r  e t r a c t u r a l  
arrangememt of the  c y l i n d r i c a l  por t ion  of the  d u l e  were: 
V = 128,026 LBS (ULT) 
V = 22.801 x 10 M-LBS. (OLT) 
V = 8.842 x 10 M-LBS. (ULT) 
Meteoroid pro tec t ion  considered that there  w d d  be a 90% probab i l i t y  of not 
having a meteoroid penetrat ion of t he  d u l e  f o r  10 vears.  f i l s  c r i t e r h  
d i c t a t ed  the  meteoroid b v r  concept m c h  cons i s t s  of a thin allrraimra s h i e l d  
separated from the module w a l l  that w i l l  allw the  meteoroid deb r i s  t o  be 
s ca t t e r ed  over a l a r g e r  area.  Results of t h i s  c r i t e r i a  shoved t h a t  t he  
altmioam bumper thlckneee shcmld be .040H t h i ck  and 4.0" away frara t he  module 
skin.  The module w a l l  mat be .060n th ick  t o  resbt f u r t h e r  penetrat ion.  It 
should be noted t h a t  the  nteteoroid c r i t e r i a  d i c t a t e s  the thickness  of the 
d u l e  skin ra the r  t t .m the  d u l e  i n t e r n a l  loads requiremanta. 
The module p r h r y  load carrying s t r u c t u r e  must be as l i g h t  aa poss ib le  t o  
allw f o r  growth in equipemt  weight required f o r  any d u l e  funct ion.  This  
requi res  a high stremgth, lw daae i ty  mater ia l  that can be a a e i l y  and 
economically f o d  i n t o  the s t r u c t u r a l  ehapao needed t o  car ry  the design 
loads. To have a madale t h a t  vUl eerve any given f tmct lon s f f i c i emt ly ,  t he  
primary load carrying s t r u c t u r e  should be c l e a r  of the  i n t e r i o r  d u l e  space, 
giving abrmdant work and etorage volum. Ln t h h  study, the  primary load 
c a r r y i n g  s t r u c t u r e  is  considered t o  be an i n t e g r a l l y  s t i f f e n e d  s k i n  w i t h  r i n g  
frames. The s k i n  w i l l  r e s i s t  t h e  p r e s s u r e  loads  f o r  h a b i t a b i l i t y  and a l s o  be  
s t i f f e n e d  by str in.gccs e q u a l l y  spaced around t h e  o u t e r  c i r c u r d e r e n c e  t o  resist 
body bending and a x i a l  loads  from t h e  S h u t t l e  f l i g h t  environraant. 
Placement of t h e  s t r i n g e r s  on t h e  o u t e r  s u r f a c e  of t h e  c y l i n d e r  s k i n  vill no t  
only produce a  c l e a n  i n t e r n a l  ~o l t rme ,  b u t  w i l l  a l s o  produce a more e f f i c i e n t  
s t r u c t u r e  t o  preclude g e n e r a l  i n s t a b i l i t y  due t o  compressive loads .  Bing 
frames w i l l  be used i n t e r n a l l y  t o  s t i f f e n  t h e  t h i n  wal led  s h e l l  and a l s o  
provide  m a t e r i a l  f o r  t h e  at tachment of equipment and bulkheads f o r  t h e  module 
func t ion .  
De ta i l ed  des ign  and ana lyses  of t h e  c y l i n d r i c a l  p o r t i o n  of t h e  module 
performed in r e f e r e n c e  4.6-2 f o r  t h e  u l t i m a t e  des ign  loads  given prev ious ly ,  
r e s u l t e d  in t h e  r i n g  and e x t e r n a l  s t i f f e n e r  s t r u c t u r e  shovn i n  f i g u r e  4.6-5. 
T o t a l  weight of t h e  s t f f f e n e d  c y l i n d r i c a l  s h e l l  f o r  t h e  proposed h a b i t a t  
d u l e  is 3828 pounds and r e s u l t s  in 766 pounds per  cornanon 88" c y l i n d r i c a l  
segment . 
An e x t e n s i v e  weight s tudy  was made in r e f e r e n c e  4.6-1 f o r  v a r i o u s  end c l o s u r e s  
used wi th  a 14 f o o t  c y l i n d r i c a l  p r e s s u r e  v e s s e l .  The r e s u l t s  of t h i s  s tudy  
a r e  shovn i n  t a b l e  4.6-1 and shows t h a t  t h e  c a s s i n i  and e l l i p t i c a l  shapad 
d m s  vill be t h e  l i g h t e s t  weight des ign  pr-ri ly due t o  t h e  d i s c o n t i n u i t y  
s t r e s s  cond i t ion  a t  t h e  dorpelcylinder i n t e r f a c e .  Also inc luded i n  t h i s  
a n a l y s i s  was t h e  c a p a b i l i t y  t o  suppor t  t h e  d u l e  by t h e  docking o r  b e r t h i n g  
s t r u c t u r e  a t  t h e  APEX of t h e  dome. It is no t  d e s i r a b l e  t o  transrnit  bending 
loads  through t h e  dome s h e l l  due t o  l o c a l  e h e l l  i n s t a b i l i t y  problems; i f  a  
c d i g u r a t i o n ,  such as t h e  BBC, t r a n s m i t s  bending loads  through end caps ,  then  
s t r u t s  mat be added t o  t r a n s f e r  t h e s e  loads  d i r e c t l y  t o  t h e  s t i f f  c y l i n d r i c a l  
s t r u c t u r e .  I f  t h e  modules a r e  a t t a c h e d  t o  a truss, as is t h e  c a s e  v i t h  t h e  


del ta  and the '7," then the major load path ie through the true8 rather than 
through the end cape. Therefore, the modulee can be much l ighter on the YH 
and del ta  configurations than on the BBC. 
4.7 Power 
4.7.1 I n t r o d u c t i o n  
The power system f o r  t h e  Space S t a t i o n  c o n a i s t s  of t h r e e  elarnents: Energy 
Conversion Subsystem (ECS), Energy S to rage  Subsystem (ESS), and Povrer 
Management and D i s t r i b u t i o n  Subsyetam ( F W D ) .  Figure  4.7.1-1 i l l u s t r a t e s  t h e  
r e l a t i o n s h i p  betveen t h e s e  elements and t h e i r  f u n c t i o n s .  
Within each of these  e lements ,  t h e r e  a r e  s e v e r a l  t echno log ies  a v a i l a b l e  t h a t  
may be u t i l i z e d .  For i n s t a n c e ,  i n  t h e  ECS, t h e  p h o t o v o l t a i c  t echno log ies  a r e  
p lanar  s i l i c o n  s o l a r  a r r a y s  and ga l l ium-arsen ide  (GaAs) c o n c e n t r a t o r  s o l a r  
a r r a y s .  Technologies i n  t h e  o t h e r  subsystems,  ESS and W ,  a r e  l i s t e d  in 
Table 4.7.1-1, a long wi th  those  of t h e  ECS. 
For t h i s  s tudy e f f o r t ,  one o p t i o n  in each subsystem was chosen f o r  a b a s e l i n e  
des ign.  The o t h e r  op t ions  v i l l  be t h e  s u b j e c t s  of f u t u r e  s t u d i e s ,  For t h e  
ECS, t h e  p lanar  s i l i c o n  pho tovo l t a ic  a r r a y  u t i l i z i n g  t h e  l a r g e  a r e a  (5.9 x 5.9 
cm) c e l l s  was s e l e c t e d .  The a l k a l i n e  Regenerat ive  Fuel  C e l l  (BFC)  w a s  chosen 
f o r  t h e  ESS and t h e  h igh  v o l t a g e ,  high-frequency AC system . A S  s e l e c t e d  f o r  
PMAD. These s e l e c t i o n s  may not  be optimum; however, they provide  vorlrable 
cho ices  t h a t  a l l w  f o r  des ign  i n s i g h t s .  
4 . 7 . 2  Energy Conversion Subsystem 
The pho tovo l t a ic  system chosen f o r  t h i s  s tudy  is  the  f l e x i b l e ,  p lanar  a r r a y  
u t i l i z i n g  t h e  l a r g e  a r e a  (5.9 an x 5.9 cm) s i l i c o n  c e l l s .  h e e  c e l l s  v e r e  
developed ao a p a r t  of t h e  PEP program and a r e  c u r r e n t l y  planned f o r  m e  on 
t h e  S d E  experiment and t h e  Air Force KILSTAR program. These c e l l e  were 
developed t o  reduce t h e  t o t a l  nrrmbar of c e l l e  r equ i red  by i n c r e a s i n g  t h a  a r e a  
of each c e l l  from t h e  s t andard  2 ma x 4 an (8 cm) t o  5.9 cm x 5.9 cm (34.81 
ma. This  reduces t h e  t o t a l  number of c e l l e  by a f a c t o r  of f o u r ,  thereby 
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reducing the manufacturing and handling s t eps  required in ar ray  fabr ica t ion .  
During the developmnt program f o r  these c e l l s ,  an average e f f i c i ency  of 12.9Z 
w a s  achieved during a production run of 2,300 c e l l s .  
The c e l l s  w i l l  be at tached t o  a f l e x i b l e  kapton (or  similar mater ial)  
subs t ra te  instead of the  more conventional r i g i d  alumhum h o n e y c d .  The 
c e l l s  vill probably be welded t o  the attached c i r c u i t r y  in order t o  provide 
f o r  the long durat ion cycle  l i f e  t h a t  vil l  be experience i n  LEO. Since this 
blanket w i l l  have l i t t l e  o r  no s t r u c t u r a l  s t f f f n e s s ,  a la~nnn of support d l  
be provided. DurFng t h i s  study, a u n i t  w l g h t  for the s o l a r  a r r ay  blanket of 
0.3 l b / f t 2  vps used. For the Delta a d  the 'CT" configurations.  thie wigf i t  
was used d i r e c t l y  and the s t r a c t u r a  v a ~  accounted f o r  separately;  horraver, f o r  
the building block configuration, a u n i t  w i g h t  of 0.4 l b / f t a  was used t o  
include f o r  the support s t ruc ture .  These values were derived on the curren t  
veight a t  t h s  SAFE experiment. 
A design l i f e  goal of 10 yeare vas chosen f o r  the s o l a r  array.  This goal 
d i c t a t e s  two s ign i f i can t  considerations: 
I. Since the s t a t i o n  vill last longer than the ar ray  l i f e  goal,  
provisions must  be made t o  change out eo l a r  a r ray  blankets. 
2 .  Rroughly a 102 degradation in c e l l  perforarance will occur aver  the 10 
year l i f e  of the array.  
A typ ica l  s o l a r  a r ray  vfng is  shown in Zigure 3.2.3.6.2-2. This unit wdd 
allow both deployment and r e t r ac t ion  s o  that i t  can be considered an Orbit  
Replaceable Unit (ORU). The uret uould k required on the  bui lding block 
configuration but not on the d e l t a  o r  "T." The storage container  and tension 
devices vill be required f o r  dl configurations.  I n  general,  the box 
dimensions can be d e e i g n d  f o r  any desired panel s ize .  
i The required solar a r r a y  s i z e  is a f u n c t i o n  of t h e  pwer l e v e l  a r r a y  
o r i e n t a t i o n ,  t h e  s t o r a g e  eystem e f f i c i e n c y ,  s t o r a g e  system e f f i c i e n c y ,  
d i s t r i b u t i o n  system e f f i c i e n c y ,  expected degradat ion,  and t h e  o r b i t a l  
I 
I parameters. It should be noted t h a t  t h e  output  of t h e  a r r a y  vill ahange 
dur ing t h e  year  due t o  changes i n  t h e  amount of s u n l i g h t  a v a i l a b l e .  A t y p i c a l  
case of t h i s  is shown in f i g u r e  4.7.2-1. For t h i s  s tudy ,  t h i s  v a r i a t i o n  w a s  
not  considered; h o w v e r ,  in t h e  f u t u r e  t h i s  exceaa c a p a b i l i t y  v i l l  c e r t a i n l y  
k u t i l i z e d .  
I The a r r a y  area f o r  each conf igura t ion  is shovn b e l w :  
DELTA 18,229 FT 36,458 R 
These a r r a y  s i z e s  a r e  approrlnaate but they do inc lude  a l l w a n c e a  f o r  system 
e f f i c i e n c i e s ,  o r i en ta :bn ,  and end-of - l i f e  degradation.  

4.7.3 Eaergp Storage Subsy~tc9  
The ESS vill consist  of a RFC v i t h  its required supporting hardware. The 
major it- requlred f o r  a BCS system a r e  as fol lous:  
1. F u e l  Cell (PIC) - For this study, an alkalina fue l  c e l l  pcrrrer p l rn t  
was =hosen, baeed on the  Shut t le  design. A anit tha t  d d  have an otltput of 
. 2'.- U) KH aaa selected and it  voald rreigh about 391 Us. and occupy about 8.2 
iL 
ft'. ihe f d  c e l l  v l l l  provl.de the s t a t i o n  v f th  electrical parer during the  
or.cdted par t  of each orb i t .  The f d  c e l l  u i l l  coaetme hydrogen and -en 
a d  vill produce e l e c t r i c i t y  and vater .  
2. Blectrolyels  Unit (Ea3) - The d e c t r o l y s l s  rmit rras a h  ammmed t o  
- be of alkalim typa and ls s h e d  t o  be caapatible v i t h  the f u e l  c e l l .  The 
weight a d  v o l m  a re  400 lb. d 12.25 f t 3  respectively. During operation. 
? 
the e l e c t r o l ~ l a  t d t  takes the  water p d a c e d  by the f u e l  c e l l  and 
e l e = t r o l W  i t  i n t o  gase<zae H2 iir.nd O2 Flhich are then stored aa ambient 
temperature gases u n t i l  required by the fuel c e l l .  i h f a  process la repeated 
t s c h  o r b i t  as electrical energy becotpee availnhle from the solar array. 
3. Tankage - A ainIatnr of three tanks are requlred, i.e. one hydrogen 
t d ,  one oxy,a tank aod one vater tank. These tanka vill have t o  be 
therea l ly  controlled emch that the uater  doesn't freeze and the va te r  vapor in 
the H2 and O2 tanka doesn't c d u u a .  This probably means that the tanka .ad 
f l u i d s  dl1 be malntainecI a t  a r e l a t ive ly  constant l W ° F  datfng all 
operatic ne. 
4. B e ~ t  S x c h q e r  - A h a t  exchanger w i l l  be required t o  in ter face  
baofesn che PIC and BCD and the radiator  o r  heat re jec t ion  epetcan. 
5 .  Pouar ~~t aPd Dietr ibat ion (PMAD) - There is a reqairerrant f o r  
- .oltage and pover Lontrol in the energy storage ~ d u l e .  A weight of 210 lbe. 
:- 
. - 
rur a l loca ted  f o r  thls  a c t i v i t y  Pad t he  output of the PLLbI) d l  be ccmdltloaed 
pcRer r d y  f o r  trafiamianion t o  the s t a t i o n .  
6 .  M u l e  St ruc tu re  - The above components w i l l   be^ contained in a s i n g l e  
d u l e .  Many varFat1on.e t o  the  mounting arrangement a r e  poss ib le  t o  miat the 
pQdadibq W m t s ;  h v e r ,  the f i n a l  package viLl have t o  s a t i s f y  
several coodi t ioee ae fo l lops :  
a. S t r u c t u r a l  support - The s t r u c t u r e  nust  provide f o r  supporting 
tbe cqmman t s ,  mnmting in the  Orbi te r  and on the  s t a t i o n .  
b. I k e d  Control - An enviromnent mt be maintained t o  s a t i s f y  
the m a t i c m a l  requirements of the  REC and PHAD components. 
c. Micrometeoroid - The enclosure muat provide the desired 
protect-. 
d.  k t m t i n g  of External Radiators - Provisions mnst be made t o  mount 
the rad la tora  and contact  heat exchanger. 
A srnm~ary of the w i g h t s  f o r  a 25 KW energy s torage  module is shovn in t a b l e  
4.7.3-1. This  xxiule may w e l l  form the  basis f o r  an o r b i t a l  replacement uni t  
s i nce  it vill be mounted ex te rna l ly ,  i.e., i n  a non-preasnrized locat ion.  It 
should be noted that t h e  power and energy s torage  q u a n t i t i e s  and e k e s  8ay be 
changed t o  meet the  needs of a p a r t i c u l a r  configuration. 
F ina l ly ,  it  should be noted tha t  a reserve requirement of two hours wae 
provided f o r  Fa the ESS design. This wwuld provide the  l o s s  of one complete 
charge cycle ,  i .e,  no ootput from the a r r ays  f o r  one l i g h t  period. The anergy 
s torage  resnl tFng from this requir-t la 50 KY-BB, and t h e  reac tan t  tnnkn 
and mter tank are the only itam affec ted .  
A drawing of this c m e p t  ia e h  in f i g u r e  4.7.3-1. 
4 .7.4 Pomr Wanagument und Dfetr ibut ion Subsystem 
The P W  eubey8tsm t r a n s f e r s  e l e c t r i c a l  power from the  eoarce t o  the u e r  
Table 4.7.3-1. 25 KW k d u l e  Yefght 
ITEM 
 
FUEL CELL 
ELECTROLYSIS UNIT 
REACTANTS 
H2 TANK 
02 TANK 
PLUMING 
m 
BOX STRUCTURE 
TOTAL 
ARRAY 
WT 
BOX & ECT. 
TOTAL 
RADIATOR (100 F T )  
DEPLOYMENT MECH 
TOTAL 
TOTAL 
MIS 
SRAND TOTAL 
WEIGHT 
-
391.0 
400.0 
47.2 
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i n t e r f a c e .  I t  cond i t ions  and c o n t r o l s  the  pover and provides p r o t e c t i o n  f o r  
the  pover /user  i n t e r f a c e ,  pover s o u r c e s ,  and P W  hardvare and v i r i n g .  The 
subsystem r ~ a n i p u l a t e s  sources ,  l o a d s ,  and buses a s  required f o r  most e f f e c t i v e  
u t i l i z a t i o n  and provides  t h e  mechanization f o r  recharging the  energy s t o r a g e  
devices .  
The accompanying diagram (Figure  4.7.4-1) d e p i c t s  a  gener ic  c o n f i g u r a t i o n  
proposed f o r  t h e  Space S t a t i o n .  Although i t  i s  not in tended t o  r e f l e c t  an 
a c t u a l  des ign ,  i t  does d e f i n e  t h e  p r i n c i p l e s  upon which t h e  f l i g h t  hardware 
w i l l  be designed.  Modif ica t ion t o  t h e  l ayou t  p i c t u r e d  may e a s i l y  be made t o  
accoamodate t h e  f i n a l  c l u s t e r  c o n f i g u r a t i o n ,  whatever from i t  may take .  
AC o r  DC paver f r m  t h e  genera t ion  and s t o r a g e  dev ices  is converted t o  20 kHz, 
three-phase p w e r  f o r  t r ansmiss ion  v i a  f o u r  redundant 25 kva prima- loope 
throughout t h e  o r b i t i n g  assembly. Power genera t ion  is  conf ined t o  one o r  tvo 
l o c a t i o n s ,  depending on t h e  f i n a l  c l u s t e r  conf igura t ion .  Energy s t o r a g e  shown 
d i s t r i b u t e d  throughout t h e  c l u e t e r  i n  t h i e  diagram may a l s o  be c e n t r a l i z e d  i n  
fewer l o c a t i o n s  than S ~ O M ,  but  never  less than two t o  i n s u r e  crew s a f e t y .  
Bach &ule of t h e  c l u t e r  has  up t o  f o u r  s i m i l a r  d i s t r i b u t i o n  s t r i n g s ,  
depending on module c r i t i c a l i t y .  Each s t r i n g  c o n s i s t s  of a  s u b s t a t i o n  v i t h  
manual o v e r r i d e s  f o r  s e l e c t e d  swi tches ,  an Automated Power Management System 
(APXS) f u n c t i o n  i n t e r f a c e ,  primary AC bus,  secondary AC and DC buses ,  and u s e r  
u t i l i t y  o u t l e t s .  Disconnects and c r o s s t i e s  c o n t r o l l e d  by t h e  module 
s u b s t a t i o n  a r e  in t h e  main bua s t r u c t u r e  t o  provide  t h e  f l e x i b i l i t y  t o  u t i l i z e  
t o  t h e  maximum t h a t  p o r t i o n  of t h e  primary c i r c u i t r y  remaining i n t a c t  a f t e r  a  
f a u l t  o r  dur ing  maintenance. P i n a l l y ,  the  i n t e r f a c e  betveen t h e  PMAD and t h e  
u s e r  i s  t h e  U t i l i t y  Power C o n t r o l l e r  (UPC), which is c o n t r o l l e d  by t h e  APHS 
v i a  a FXAD-dedicated d a t a  burr, It p rov ides  p r o t e c t i o n ,  c u r r e n t  l i m i t i n g ,  and 
pwer generated by solar cells. For those conditions, the choice between AC 
or DC for primary power transmission could go either way as far as weight, 
volume, and cost are concerned. Nevertheless, future requirements for an 
upgraded Space Station or an advanced program vill surely force the subsystem 
to AC. In addition, rotating machinery is a very real contender for energy 
storage and power generation which will cause AC to be a practical necessity. 
Because of this, AC vas selected both for its known advantages and its vast 
pc tential. 
Design of the circuitry was chosen to most advantageously *!tilize the 
desirable characteristics of AC for the enhancement of the Space Station 
requirements noted auove. A primary goal of the PMAD design has been the 
development of a utility-type subsystem as nearly independent as possible from 
outside support from the crev or anozher subsystem. Such a design promotes 
reliability, enhances independent subsystem development, and increases 
autonomy. 
Figure 4.7.4-2 illustrates redundancy management and bus configuration. Each 
module contains a total of four distribution busses. For redundancy 
management, the supply busses vill be switchable between two distribution 
busses. 
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The technica l  cha rac t e r i s t i cb  of the PW.D subsystem arc  tabulated belw: 
Characteristics Min 
-
N \m 
-- 
Max 
-
Unit 
-
Frequency (primary) 19 20 3 0 kHz 3 
350 400 450 
y 
Voltagp (primary) Volts d 
124 144 192 
3 
Current ( t o t a l  primary) 40 S 
Power ( t o t a l )  
Efficiency ( e l e c t r i c a l )  TBD 90 TED Percent 1 
N m :  The UPC provides power t o  the user  i n  whatever vol tage and frequency i t  
d 
des i res ;  i . e . ,  28V DC, 400 Hz 11% AC, e t c .  
EVA Support Baquiremente 
4.8.1 Overall  EVA Requirements 
il EVA w i l l  be a s ign i f i can t  funct ion aboard Space S ta t ion  during a l l  phases of 
the pr0gr.a. These guidel ines  were used t o  produce these ea r ly  requir-ts. i 
the IOC ~ h a e ,  one t w w  EVAlday w i l l  be performed a s  of ten  
daye/week. For the growth phase, two s h i f t s  of twnaan  EVA'S w i l l  be used. 
Each EVA w i l l  have a durat ion of e igh t  hours £ram the beginning of a i r l o c k  
depress t o  the completion of repress .  There w i l l  not be a requiramant f o r  a 
1 
i 
prebreathe period. Each cr- s h a l l  have a manewering u n i t  ava i l ab l e  f o r  I 
use of d i s t a n t  excursions. 
4.8.2 Airlock 
Tne Space S ta t ion  shall provide a t  l e a e t  tvo a i r l o c h  f o r  EVA support.  One FB I 
the main a i r lock  h i c h  hae a two crewman capab i l i t y  and the other  F8 a se rv i ce  
a i r l ock  avaf lab le  f o r  the  e f f i c i e n t  t r m f s r  of equipr~ant.  
There a r e  two approaches t o  providing a main a i r lock .  The f i r s t  FB t o  provide 
an a i r lock  which servea as the  stovage and eervicing a raa  f o r  the FXU. The 
second is t o  have ao small aa possible  an a i r lock  which eervem aa a t r ans fe r  
509 
--. ,- - , *--. --. -. z-- ------ - - --&-&-L-s,. - - - -  - 
:-;.-&,-.37------ & ' *A'. .  * * M*' , 
lock only .  The EKU would be stowed and se rv iced  i m i d e  t h e  s t a t i o n .  The 
f i r s t  approach was used f o r  t k e  l a t t e r  pena l ty  estimates. The i n c l u s i o ~  of a 
t h i r d  a i r l o c k  which a c t s  a s  a backup t o  t h e  main a i r l o c k  may be requ i red  t o  
e l i m i n a t e  manlock f a i l u r e  modes. The s t a t i o n  s h e l l  provide  t h e  fo l lowing  
s e r v i c e s  f o r  EMU opera t ions  i n  t h e  a i r l o c k :  
o Ae much of t h e  a i r l o c k  gas  a s  p r a c t i c a l  a h a l l  be pumped t o  t h e  cab in  
dur ing  depress .  Lost  a i r l o c k  gas  s h a l l  be made up by t h e  s t a t i o . 1  ARS. 
o The marFmum t h e  from t h e  begFMlng of depress  t o  t h e  opt_-hg of t h e  
o u t e r  hatch s h a l l  be f i v e  minutes.  
o Power s h a l l  be provided a t  28V D.C. a t  1500 w a t t s  maximu 
o Oxygen s h a l l  be provided a t  no l e s s  than 1,000 p e i a  a t  a  , , t  of 12 
l b s / h r  f o r  t h e  IOC phase and a t  24 l b s l h r  f o r  t h e  growth phase. 
o 5,000 BTU/HR cool lng wi th  a coo l ing  r e t u r n  temperature  no t  h igher  than  
45OF s h a l l  be provi(ied. 
o A l l  depreds and r e p r e s s  f u n c t i o n s  s h a l l  be c o n t r o l l a b l e  from W i d e  
t h e  s t a t i o n ,  i n s i d e  t h e  a i r l o c k  o r  o u t s i d e  t h e  a i r l o c k .  
The dimensions of t h e  main a i r l o c k  must be l a r g e r  than t h e  S h u t t l e  a i r l o c k  t o  
accommodate t h e  l a r g e r  EMU and added a i r l o c k  system. For p re l iminary  a tudy 
purposes,  t h e  dimension s h a l l  be 70" diameter  x 90" l eng th .  
4.8.3 EVA Hardware Conf igurat ion 
4.8.3.1 EMU Configurat ion 
The Space S t a t i o n  EWU w i l l  u se  a modular c o n f i g u r a t i o n  . The 
s p a c e s u i t  assambly and t h e  b a s i c  module combined, form t h e  WU. Them t.vo 
modules c o n t a i n  t h e  long l i f e  i tems such ae b a t t e r i e s ,  r e g u l a t o r e ,  p r i m  
movers, hard  s u i t  items, e t c .  Attached t o  t h e  b a s i c  WU a r e  t h e  e a s i l y  
removable f u n c t i o n a l  modules. The modular approach f a c i l i t a t e s  easy 
regenera t ion ,  r e p a i r ,  o r  replacemant. There may be = r e  than one 
t e c h n i c a l  approach f o r  each module depending on the  e v o l u t i o n  of technology,  
EVA requirements ,  and 1FBi ta t ione  on expendables.  For t h i e  s t u d y ,  i t  i e  
assumed t h a t  t h e  H20 reunoval module and t h e  C02 renova1 module v i l l  be 
reaenera ted  in t h e  e t a t i o n  nea r  t h e  ARS. The power module and h c a t  r e j e c t i o n  
nodule vill be resupp l i ed  v h i l e  a t t a c h e d  t o  t h e  b a s i c  WU. The LCLV vill 
r e q u i r e  vaehfng a t  l e a s t  once per  t h r e e  EVA'S. 
4.8.3.2 MMl Conf igurat ion 
The "YLT design f o r  Space S t a t i o n  w i l l  incluc!e t h e  c a p a b i l i t y  f o r  near  Fn 
e t a t i o n b e p i n g ,  s h o r t  d i e t a n c e  maneuvering and long d i s t a n c e  t r n v e r s i n g .  The 
Mn' v i ! l  be modular wi th  t h e  modules t o  be r e m v a b l e  by an EVA cre- and 
, r ans fe r red  t o  t h e  e t a t i o n  through t h e  s e r v i c e  a i r l o c k .  The HKU vFll use  r a t e  
gyros ,  l i q u i d  p r o p e l l a n t s ,  and cold  gas  p r o p e l l a n t s  f o r  maneuvering. 
4.8.4 EVA Hardware Spares and Uaintenance 
4.8.4.1 WU Spares  and Maintenance 
The WU w i l l  be f u l l y  maintained i n  t h e  Space S t a t i o n .  There vi l l  be one 
spa re ,  each of t h e  B 0 removal, C02 removal, powr,  h e a t  r e l e c t i o n ,  comm and 2 
computer c o n t r o l l e r  modules. There w i l l  be two s p a r e s  of a l l  crewpan s p e c i f i c  
hardware such a s  t h e  arms, LTA, g loves ,  and t h e  LCVG. h c h  module will be 
r e p a i r a b l e  a t  t h e  component l e v e l .  Repairs  w i l l  be simple i n  n a t u r e  and 
r e q u i r e  minimal t o o l s  ( i .  e .  , replacement of a computer c a r d ) .  A l l  r e p a i r e  
w i l l  be p e r i o d  Fnside t h e  Space S t a t i o n .  
4.8.4.2 KKU Spacee and Xakcenance 
The MMU w i l l  be f u l l y  mainta inable .  The modules v i l l  be repaire.: i n s i d e  t h e  
Space S t a t i o n .  Repairs  t o  the w i n  KUIJ s t r u c t u r e  naret be made by an EVA 
crewman . 
6 .8 .5  - EVA H;.dvare Rese rv ic ing  
4.8 .5 .1  EMU 
-
The EMU w i l l  be p a r t i a l l y  r ese rv iced  i n  t h e  a i r l o c k  and p a r t i a l l y  r ese rv iced  
in the  Space S t a t i o n .  The a i r l o c k  w i l l  provide pover,  po tab le  wa te r ,  waste 
v a t e r  c o l l e c t i o n ,  O2 and cool ing t o  t h e  EMU. m' modules vhich can be ' 
regenerated ueing these  u t i l i t i e s  v i l l  be resupp l i ed  in the  a i r l o c k .  
Lbdulcs r e q u i r i n g  more complex i n t e r f a c e s  v i l l  be regenerated i n  t h e  s t a t i o n  
t ak ing  f u l l  advantage of t h e  s t a t i o n  ARS. Chemical modules such a s  t h e  C02 
and H20 remov 1 modules s h a l l  be regenerated i n  t h e  s t a t i o n .  
To maximize EVA c r e w  p r o d u c t i v i t y ,  resupply s h a l l  be a s  automat ic  as 
p r a c t i c a l .  The lowest  l e v e l  of crevman i n t e r f a c e  d e s i r e d  f o r  r o u t i n e  
r e s e r v i c i n g  is  removal and replacement of modules. The LCVG s h a l l  be d e ~ i g n e d  
t o  minimize s p a c e s u i t  c leaning.  The LCVG w i l l  r e q u i r e  r o u t i n e  washing. 
To maximize Space S t a t i o n  crevman p r o d u c t i v i t y ,  t h e  EMU performance s h a l l  be 
automat ica l ly  v e r i f i a b l e .  
Water and n u t r i t i o n  a d 1 1  be provided f o r  an EVA crewman whi le  EVA. There 
s h a l l  be food and l i q u i d  con ta ine r  c l ean ing  and r e f i l l i n g  equipment Fn t h e  
s t a t i o n .  
4.8.6 Power T w l s  
EVA crewman produc t iv i ty  s h a l l  be enhanced through t h e  use  of powered t o o l s .  
These t o o l s  w i l l  be recharged i n s i d e  o r  o u t s i d e  t h e  a i r l o c k .  Tools  s h a l l  be 
repa i red  l n  t h e  s t a t i o n  a t  t h e  component l e v e l .  
4.8.7 Clrammicetion, Data Transmission, and TV 
One camrmnication ne t  w i l l  be required f o r  every two EVA crewran. A t  l e a s t  
one commn da ta  l i n k  w i l l  be provided f o r  the EXU t o  s t a t i o n  t r ~ s s i o n .  
Pu l l  page data  transmission frcm the s t a t i o n  t o  each EMI vll1 also be 
provided. 
4.8.8 Translat ion DePices, Res t ra in ts ,  and Lights 
The placement of t r ans l a t ion  a ids ,  etationkeeplng r e s t r a L ~ t e ,  and flood l i g h t s  
s h a l l  depend on the  s t a t i o n  dastgn and the EVA a c t i v i t y  required. The 
penal t ies  f o r  these were l e f t  TBD. 
4.8.9 b i g h t .  Volume/Power Penal t ies  
Figure 4.0-3 presents  the  best  es t imates  of panaltiar, f o r  Space S ta t ion  
technulogy EVA hardware. Table 4.8-1 and Table 4.8-2 praeent a porrer usage 
breakdovn and a t o t a l  pwer usage p r o f i l e  f o r  Space S ta t ion .  
TABLE 4.8-1 
EVA UE1CarrS/VOLUWE/POYEB PEXALTSES ( I W  P W E )  TWO CBEYlIW 
SYSTM V O L W  'XEIGHT POWEB TOTAL ENEBCY 
(PT (LBS ( WATT ) (a ~ I D A Y )  
- SERVICE 8 TBD 2 5  1 0  
- BACKUP 9 0 4 0 0  2 5 0 
E?4U RESERVICE STATIONS 
- LN STATION 1 0  216  3 1 7  4 , 2 8 0  
M13 SPARES 1 2  3 0 0  1 , 500** 12,370** 
?!!: EL3 LR ING 2 6 0  4 50 2 1 0  3 , 3 6 0  
UNIT SERVICE 
STATION ( 2 )  
WEUVEBING 10 2 0 0  
UNIT W A I R  EAG 
(IN STATION) 
PIANEUVERING 6 100 
UNIT SPARES 
EVA EOULPWENT 
- STORAGE 25 2 0 0  
- SPACE STATION TBD TED 
SPECIFIC EQUIP. 
STORAGE 
- SPACE STATION TED TBD 
SPECIFIC EQUIP. 
- REPAIR I N  3 
STATION 
- TRANS AIDS/ TBD TBI) 
RESTRAINTS/ 
LIGHTS 
1 5 0  NOT REUJIAR 
TBD 
- 
TBD 
TBD 
-- 
TBD 
T W  4.8-2 
TYPICAL W A  DAY 
0-1 
EVA PPgS 
1.00-1.75 
IVA OPS 
AIRLw'K L1C;BIIS 
EM3 rv OPS 
2.00-9.00 
EVA 
9.00-10.00 BIBLOCK LIGHTS 
EVA lQCD RESERVICE 
m(zmcKom 
10.00-10.75 BfBU)Cg L I m S  100 
POST EBA OPS #IU RESEEVICE 210 
k%U TV OPS 340 
EVA 'IWLS 6 EQIJIP. 200 
ALBM)CK LICEIlS 100 
BESERVICE 520 
EPA EQUIP. & TCmLS 120 
MIU RESEEVICE 210 
Erin RESERVICE (ALK)  520 
EVA FQUIP. 6 TOOLS 100 
MIffJ RESERVICE 210 
Pnn RESERVICE (STAIIW) 320 
SUIT DRYXNG 150 
* THIS ElsS CHANGED DUE TO SUIT DRYIHG HKEDS. 
POCigP d t  = 20 KM HRS 
6.9.1 H a b i t a b i l i t y  W u l e  A r c h i t e c t u r a l  Layout 
The H a b i t a b i l i t y  Module (EX) f o r  IOC is  a single c y l i n d e r  440 inches long  PLUS 
etnd cones and adap te r s .  It has  a s i n g l e  heads-up o r i e n t a t i o n  throughout t h e  
e n t i r e  module. Balf of t h e  module c o n t a i n s  t h e  p r i v a t e  canrpartments of the 
e i g h t  i n d i v i d u a l  crevmembers. A p i c t o r i a l  r e p r e s e n t a t i o n  of t h i s  d u l e  is 
presented fn f ig t r re  4.9-1. 
Beginn- a t  t h e  end of t h e  tM ad jacen t  t o  t h e  coramand and c o n t r o l  d a l e ,  one 
ent~rs t h e  galley/vardrocm. One t h e  l e f t  is  the g a l l e v  vhich i n c l u d e s  t h e  
fo l iovFng i tems: 
- Microwave oven 
- Convectionlconduction oven 
- Ref r i g e r a t o r  
- Freezer  
- Dishwasher 
- Trash dispoaal/corapactor 
- Hot and cold  water  d i s p e n s e r s  
- Bulk d r i n k  d i spense r  
- Hand washer 
- R e t r a c t a b l e  working s h e l f  
- Storage  l o c k e r s  
On t h e  r i g h t  are tvo  f o l d a b l e  t a b l e s .  Each if 48" long and 24" vide .  The 
ends a r e  22" a p a r t  and t h e  long  a i d a s  of t h e  t a b l e  a r e  p a r a l l e l  t o  t h e  l e n g t h  
of t h e  EM. T h i s  provide6 a simriltaneous eating f a c i l i t y  f o r  e i g h t  
creMlambere. I n  t h e  Hkl w a l l  behind t h e  t a b l e a  are two vi.ndowa mounted t o  
provide  a broad view of t h e  e a r t h ,  Ueing a p u l l  down sc reen  mounted i n  t h e  
d cone and an overhead p r o j e c t o r ,  t h e  c r w  may en joy  TV viev ing  t o g e t h e r ,  
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Ori t h e  l e f t  s i d e  of t h e  next  s e c t i o n  is t h e  Persona l  Hygiene F a c i l i t y  (PHP). 
This  c o n s i s t s  of t h r e e  c u b i c l e s  wi th  l a t c h i n g  doors f o r  pr ivacy and each is 
l a r g e  enough f o r  convenient  d o f f i n g  and donning of c l o t h i n g  a s  i s  necessary .  
The f i r s t  c u b i c l e  con ta ins  t h e  commode. The next  tvo  cub ic lea  are i d e n t i c a l ,  
sach con ta in ing  a combined unisex u r i n a l ,  a  hand waeher, and a f u l l  body 
shouer . 
On t h e  oppos i t e  s i d e  of t h i s  compartment a r e  t h e  Heal th  Maintenance P a c i l i t i e e  
(W) c o n s i s t i n g  of t h e  biomedical  ins t rumenta t ion  rack,  t h e  t r e a d m i l l ,  t h e  
euercyc le ,  s t o r a g e  c a b i n e t s ,  and a look-in s t a t i o n .  The l a t t e r  is requ i red  
f o r  monitoring the s t a t i o n  s t a t u s ,  a c t i v i t y  schedul ing,  e t c .  On t h e  o u t e r  
w a l l  ie a v i n d w  and a TV s c r e e n  f o r  viewfng dur ing  e x e r c i s e  pe r iods .  
The r e s t  of t h e  HH c o n t a i n s  e i g h t  p r i v a t e  crew q u a r t e r s ,  f o u r  p e r  s i d e ,  
separa ted  by a hallway 42" v i d e .  Th i s  a l l m  s tandard  s i z e  equipment through 
t h e  HM. The f l o o r r t o - c e i l i n g  h e i g h t  i s  84" throughout t h e  Bn and o t h e r  
modules. The volumes below t h e  f l o o r s  and above t h e  c e i l i n g s  w i l l  be used f o r  
fane, pumps, motors,  e l e c t r o n i c s  and power modules, s t o r a g e  tanks, c a b l e  runs ,  
duct  runs, and miscellaneous s t w a g e .  These compartments a r e  r e a d i l y  
a c c e s s i b l e  through removeable pane l s  and l i d s  in t h e  f l o o r s  and c e i l i n g s  of  
all  modules i n  t h e  Space S t a t i o n .  
Each p r i v a t e  compartment c o n t a i n s  a s ,eep r e s t r a i n t ,  a video/computer t e rmina l  
f o r  work and e n t e r t a i n m a t ,  an audio  system wi th  c o n t r o l s ,  a  b u l l e t i n  board 
and desk combination, a c e i l i n g  l i g h t  f o r  room i l l u m i n a t i o n ,  an a d j u s t a b l e  
reading l i g h t ,  and s t o r a g e  lockers. There is approximately 100 f  t 9  of f r e e  
apace in each p r i v a t e  compartment. The doors ,  w a l l s ,  f l o o r s ,  and c e f l i n g  a r e  
a c o u s t i c a l l y  i n s u l a t e d .  Double wells a r e  l o c a t e d  between c o m p a r a e n t s  and 
between t h e  compartments and t h e  h e a l t h  BMF/PW s e c t i o n  of the  There i s  a 
"breakawayn panel  between each cornpartmant a l lowing  emergency 
e g r e s s  from one cmpar tment  t o  another .  
S p e c i f i c a t i o n s  f o r  t h e  H a b i t a b i l i t y  M u l e  N&r 1 
4.9.2.1 General Guide l ines  
o P r i v a t e  q u a r t e r s  f o r  e i g h t  crewmembers 
o F loor  t o  c e i l i n g  h e i g h t  muat accommodate a 95 p e r c e n t i l e  Bale  a d  all 
equipment should be convanient  f o r  use  by persons  in t h e  f i v e  p e r c e n t i l e  
f e d e  t o  t h e  95 p e r c e n t i l e  male ranges.  
o All f a c i l i t i e s  and equipment should be des igned f o r  ease of c l e a n i n g  awl 
maintenance. 
o A s i n g l e  heads-up o r i e n t a t i o n  f o r  each d u l e .  
o Emergency s u p p l i e s  and equipment f o r  e i g h t  c r ~ 3 e r s .  
o Access t o  a l l  equipment and spaces bahiad pane l s ,  l o c k e r s ,  cmd e q u i p e n t .  
o Closeout panels  and moldings in a p p r o p r i a t e  p l a c e s  t o  prevent  d l  item 
from lodging behind equipment. 
o L o g i s t i c e  mcdule d l  be used as a s t o r e  room. 
o Resupply from l o g i s t i c s  d u l e  every  seven days f o r  fd. 
o Resupply from l o g i s t i c s  d u l e  every  30 days f o r  c l o t h i n g ,  e t c .  
o Storage volumes based on c u r r e n t  S h u t t l e  usage and Skylab e q m r i e n c e s .  
o All equipment must  be^ removable and lo r  r e l o c a t a b l e  f o r  c o n f i g u r a t i o n  
changes and r e p a i r s .  
4 .9 .2 .2  P r i v a t e  Quarters 
o The t o t a l  f r e e  volume of etach coapartmaat should be a t  leaet 100 it" .This 
minimum al lows f o r  emergency e g r e s s  fram t h e  s l e e p  raetraint, c l o t h i n g  
changes, and persona l  en te r t a imnan t .  
o Designed f o r  s i n g l e  occupancy and c o n t a i n i n g  a video/computer t e rmine l ,  
~ l l c l io  system and c o n t r o l s ,  b u l l e t i n  board ,  a desk a f e a ,  and 
i t e m p e r a t u r e / v e n t i l a t i o n  c o n t r o l s .  The desk and video/computer t e rmina l  should 
be convenirsntly a c c e s s i b l e  d e n  t h e  cremmmber i s  i n  t h e  s l e e p  r e s t r a i n t .  
o Eight  t o  10 i t3  of s t o r a g e  us ing s t andard  l o c k e r s  as a r e  used throughout 
t h e  Space S t a t i o n .  
o Acoust ic  i n s u l a t i o n  of doors ,  f l o o r s ,  c e i l i n g ,  and v a l l s .  
o Double wal led  pane l s  f o r  a c o u s t i c  and v i b r a t i o n  Fnsu ia t ion  betveen 
compartmants and between t h e  compartments and ElU/PHF s e c t i o n  of t h e  HM. 
o Access t o  a common hallway which is  no l e s s  than  42" v i d e  and 80" high.  
A l t e r n a t e  a c c e s s  should be available through breakvay pane l s  between 
compartments. 
o The "Gat l ing Gun" o r  c y l i n d r i c a l  arrangement of t h e  c r e v  cmpar tmants  was 
considered,  b u t  i t  no t  recommended f o r  t h e  fo l lowing  reasons:  
1. I t  d e v i a t s o  from t h e  s t andard  des ign  t h a t  i s  used throughout t h e  r e s t  
of t h e  Space S t a t i o n .  
2. A s i n g l e  s e c t i o n  of t h e  HM 7 i t .  long does no t  provide  f o r  enough 
f r e e  volumes f o r  t h e  e i g h t  i n d i v i d u a l  c r e m e m b r s  i n  t h e i r  r e s p e c t i v e  
compartments. 
3 .  It doas n o t  a l l w  enough volurse f o r  duc t  work and cab l ing .  
4. Not e a s i l y  reconf igured.  
o A handwasher and unisex u r i n a l  f o r  each p r i v a t e  compartment were 
considered,  bu t  a r e  no t  reconmrended f o r  t h e  fo l lowing reasons:  
1. P o t e n t i a l  odor problems wi th  the u r i n a l .  
2. P o t e n t i a l  v a t e r  hazards .  
3. E labora te  plumbing. 
4. The cloee proximity of ,JB PEP Ln the proposed layout.  
5 Unecorwmical use of corapartarant apace, 
4.9.2.3 Wardroom Area 
o Table f a c i l i t i e s  f o r  group dining by e igh t  crarorenbere. 
o Windov(s) f o r  e a r t h  viewing by the c r w .  
o Group TV viewing capabi l i ty .  
4.9.2.4 Pereonal Bygiane F a c i l i t y  
o Unisex u r i n a l  
o Bandwa.shing f a c i l i t i a e  
o Privacy f a c i l i t i e s  f o r  f u l l  body shovering with f r a t  voltmwre f o r  doff- 
and donning c lo th ing ,  . , 
o Commode 
o A commode i n  the l o g i s t i c s  module vaa coneldered but is not r e c o m a d e d  
becatme of:  
1 Anticipat ion t h a t  the  praeent Orbi ter  c& will emolve i n t o  a 
system compatible with long-term uee, 
2. Unnecetseary cargo t o  be flown ln each l o g i e t i c s  d u l e .  
3.  A second commode b convmiea t ly  available i n  the  ComPutad and Control 
W u l e .  
4.9.2.5 -. Health Maintenance F a c i l i t e  
o Shouid be placed t o  c a w f  the l e a s t  dbturbartce t o  the s l eep  area.  
o The e q u i p n t  should include an erercyc le ,  a trsartraill, a b l o m e d h t l  rack ' 
f o r  recording and observation, and dtorage f o r  support e q u i m t .  
o An observation wlndov and/or TV monitor f o r  cmtertalument and divereion 
during exerc ise  periods. 
o A l l  EIWP equipment and a e s o c i a t e d  stowage ehould be designed f o r  aaey 
ramoval t o  t h e  L i f e  Sciences  module dur ing  t h e  bui ldup phase. 
o The volume vacated by t h e  movement of t h e  H W  w i l l  b e c a w  an ei?anded 
r e c r e a t i o n a l  a r e a  o r  wed f o r  o t h e r  f u n c t i o n s  as needed. 
4 , 9 . 2 . 6  Look-in S t a i l m  
o Quipmant  r equ i red :  p o r t a b l e  t e rmina l ,  v ideo monitor,  d i s p l a y  e l e c t r o n i c e  
unlt, f l a t  panel  d i e p l a y ,  p rocessor ,  and bua i n t e r f e r e n c e  u n i t .  
4.9.2.7 G a l l e x  
o Equipment r equ i red :  r e f r i g e r a t o r ,  f r e e z e r ,  microwave oven, 
convection/conduction oven, dishwasher,  t r a e h  disposal /compactor ,  ho t  and co ld  
water  d i s p e n s e r ,  bulk d r i n k  d i s p e n s e r ,  r e t r a c t a b l e  work s u r f a c e ,  hand washer, 
and e t c r a g e  l o c k e r s  f o r  f w d ,  food p r e p a r a t i o n ,  housskeeping,  loose  equipment, 
and entertainment aad emergency s u p p l i e s  and equipment. 
o T o t a l  s t o r a g e  volumee 70 ft ' .  
o Housekeeping equipment volume 8 f t 9 .  
o Conveniently cleaned.  
4.9.3. Second H a b i t a b i l i t y  M u l e  Layout 
The second h a b i t a b i l i t y  module, W ,  vill  be needed f o r  t h e  Growth 
Conf igurat ion.  It i e  l a i d  o u t  in t h e  same genera l  p lan  of t h e  f i r e t  Bn. Like 
HXl ,  EM2 is  a c y l i n d e r  44n" long p l u s  end cones and adap te r s .  
En te r ing  HK2 from t h e  g a l l e y / w a r d r m  end, o w  s e e s  t h e  g a l l e y  on t h e  l e f t  
uall. A p i c t o r i a l  r e p r e s e n t a t i o n  of t h b  module i e  presanted in f i g u r e  4.9-2. 
I t  is approximately h a l f  t h e  s i z e  of the g a l l e y  in EM1 and inc ludes  t h e  
following items: 
- Microwave oven 
- Ref r i g e r a t o r  
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- Freezer  
- Trash  disposal/compactor 
- Hot and co ld  v a t e r  d i s p e n s e r s  
- Bulk d r i n k  d i spenser  
- Hand washer 
- Storage  lockers  
i 
1 Fur ther  on t h e  l e f t  is a  l a r g e  sc reen  f o r  p r o j e c t i o n  TV and then a column of 
1 Lockers a g a i n s t  a bulkhead. 
1 On t h e  r i g h t  s i d e  of t h e  d u l e ,  in t h e  wardroom area, are f o u r  colamns of 
l o c k e r s  and then a long t a b l e .  T h i s  provides  an e a t i n g  s u r f a c e  f o r  six 
crewmembers p l u s  a work bench f o r  equipment maintenance and repair. b v e  the 
t a b l e  a r e  tvo vieving windovs. 
Exiting t h e  galley/vardrcwm, on t h e  l e f t ,  is t h e  Persona l  Hygiene F a c i l i t y  
c o n s i s t i n g  of t h e  shouerlhand v a s h e r / u r i n a l  in one e n c l o s e r  and t h e  c d e  in 
t h e  next one. Next on t h e  left  is an enc losure  f o r  t h e  Space S t a t i o n  
Commander's Of f ice .  It c o n t a i n s  a  s t andard  "look inn s t a t i o n ,  an audio  
c o n t r o l  (including ground communications c a p a b i l i t y ) ,  a w r i t i n g  s u r f a c e ,  and 
s t o r a g e  l o c l e r s .  
The r e s t  of HU2 c o n t a i n s  t h e  s i x  p r i v a t e  crev q u a r t e r s ,  t v o  on t h e  l e f t  s i d e  
and f o u r  on tl;e r i g h t .  They a r e  configured lilce t h e  p r i v a t e  q u a r t e r s  in HHl. 
As in EM1, a c o u s t i c  and v i b r a t i o n  i n s u l a t i o n  is vital f o r  t h e  q u i e t ,  
undisturbed rest of t h e  c r e v  members &en they are in  t h o i r  p r i v a t e  
compartments. 
4.10 Estimated Power P r o f i l e s  
. 
The i n i t i a l  s t e p  in genera t ing  a Space S t a t o n  pover p r o f i l e  was t h e  
development of a conceptual  s t a t i o n  timeline f o r  48 hours  of repreeemtat ive  
a c t i v i t i e s .  Each crew person's a c t i v i t y  f o r  a 24 hour period w a s  divided i n t o  
three major areas:  
o 9 hours - Space S t a t i on  sc ieace  and payload o p r a t i o n s  
o 7 hours - Personal time: meale, a r e r c i s e ,  hygiene, scheddiPg, 
recrea t ion ,  t r a m ,  houaalreeping, osaintennn~e 
o 8 hours - Slesp 
The follovFng major events  e r e  scheduled: 
FIGURE CBgY 
-
mm1TY 
4.10-1 Bed Berzdezvoas, sc ience  
4.10-2 Blue m/m servicing, mterlala procasslng 
4.1Ck3 Bed EVA, sc ience  
4.10-4 Blue Science, materials processing 
Assumptions and scheduling techniques 4: 
1. Several  a c t i v i t i e s  were scheduled f o r  four  c r w  persoas 
simultaneously f o r  s imp l i c i t y  i n  scheduling a d  ana lys i s  as well as be- 
c lose  t o  they uay things may be done: 
a. Scbedule - % hour f o r  r e v i w  of personal schedule f o r  t h e  next 
day. 
b. Med Test  - 4 hour t o  record medical da t a  on each person. 
c.  Exercise - & hour assumed, two simultaneous e x e r c i m a  d d  go
on. Stagger iour  over schedule and nred t e s t  t i m e .  
d. Pre and post s l eep  - 4 hour each, personal hygiene. 
e. Handover - 4 hour all e igh t  c r w  persoas together  every 12 
hours t o  rev lev  s t a t u s  of work and do schedulinglplanning. 
f .  lteal - one hour par person, three timet.s p e r  day (axcapt on EVA 
2. Other a c t i v i t i e s  de f ined  f o r  Space S t a t i o n :  
a .  T r a i n i n g  - one hour ,  1-2 c r e w e n  p e r  day when p o s s i b l e ;  crew 
reviews procedures o r  t u t o r i a l  l e s sons .  
b. Data management - 25-30 minutes  p e r  12 hours  t o  do onboard 
camputer maintenance and keep t apes .  
c. Recreate  - one hour p e r  crewman p e r  24 hours  vhen t i m e  w a s  
a v a i l a b l e .  
d.  Hed Tech - $ hour per  12 hours  t o  r ecord ,  mainta in ,  s e r v i c e ,  
I n i t i a t e  ongoing medical  experiments.  
e. Nav - 5 minutes per 24 hours  t o  mainta in  n a v i g a t i o n  pla t forms.  
f .  Persons1 Time - 8-9 hours  pe r  person every  7 days (on ly  s h w n  
once i n  t h i s  e x m p l e . )  
g. Housekeep/maintenance - % hour p e r  12 hours  t o  do regular 
s t a t i o n  c lean ing  and maintenance. 
3. Science ,  rendezvous, EVA and m a t e r i a l s  process ing were scheduled t o  
r epresen t  p o s s i b l e  a c t i v i t y  mixes t h e  Space S t a t i o n  working group h a s  
base l ined .  
A p re l iminary  E l e c t r i c a l  Power System (EPS) a n a l y s i s  h a s  been performed f o r  
t h e  X O C  c o n f i g u r a t i o n  of Space S t a t i o n  based on t h i s  conceptual  48-hour 
t i m e l i n e  of r e p r e s e n t a t i v e  a c t i v i t e s .  The e l e c t r i c a l  equipment l ist  of 
a p p r o x h a t e l y  900 l i n e  r e p l a c e a b l e  u n i t s  (LRU) and prel iminary  u t i l i z a t i o n  
infoxmation was provided by t h e  subsystem experts from t h e  Engineering 
D i r e c t o r a t e  Fn t h e  form of a c t i v i t y  b locks .  Payload d a t a  was e x t r a c t e d  from 
r e f e r e n c e  4.10-1 and was scheduled based on d a t a  provided by t h e  ED and HOD. 
The r e s u l t s  of t h e  p re l iminary  EPS a n a l y s i s  of t h e  IOC c o n f i g u r a t i o n  of Space 
S t a t i o n  v i t h  payloads is presented i n  f i g u r e  4.10-5. Peak l o a d s  approach 111 
KW, but  t h e  average power requirements  over t h e  48-hour pe r iod  ie 98 WJ. 
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Figure 4.10-6 preaents the Space Station subsystam requirement8 alone, vithout 
payloads. This figure demonstrates that the Space Station housekeeping power 
requiraments dverage 48 KW. A more detailed representation of paver w a e  ie 
Shown by individual subsystem in table 4.10-1. Table 4.10-1 presents both the 
average power of the subystem over the 48 h ~ r  conceptual t b l l n e  and the 
total m r  requirement if all components in that subsystem were contFnuwsly 
activated. The power requirement with all Space Station and payload 
components on is 139 KU. 
The payload power profile assumed for this EPS aaslysie is presented in figure 
.I 
4.10-7. An average p w e r  of qQ KU is dedicated to the yayLmds alone. 
4.11 Rendezvoue and Proximity Operations 
4.11.1 Operational Control Zones 
The approaching Space Station era requires that station operaticms will 
encompass many orbiting elements, each vith different operational 
descriptions. These elements, i.e., OMV, OTV, IfXU, freeflyere, etc,, d l  be 
used in conjunction with the station to define various operational 
requirements. Some of these requirements are: 
o Standardize flight plannhg 
o Standardize crew planning 
o Mlnimize Space Station and orbiting elemmt hardware a~d eoftvare 
requirements 
o Provide collision avoidance 
o Define comntunicatioas and t e l m t r y  requiramnts 
o Define command and control requirements 
-(. 
La order  t o  best s a t i e f y  these  numerow requirements,  t h e  concept of 
Operational Control  Zoaae (OCZ) has been adopted. I n  essence,  t h i s  is t h e  
4 d e f i n i t i o n  of s p e c i f i c  opera t iona l  f l i g h t  reg-, whereby c o n t r o l  may be 
* 
maintained f o r  each d i s c i p l i a e ' s  area of operat ion.  A t  t h b  po in t ,  e i g h t  
son- have been def ined t o  support  Space S t a t i o n  t r a f f i c  c o n t r o l  a c t i v i t i e s .  
4 Polloving a r e  b r i e f  d e s c r i p t i o n s  of the e i g h t  zones. The reader  should r e f e r  
t o  Figure  1 in conjunction wi th  t h e  d e s c r i p t i o n s .  
U i t b i n  t h b  zone, all proxisalty opera t ions  (PROX OPS:, inc lud ing  docking and 
berthing, w i l l  take place.  In a d d t t i o n ,  all LMU and EVA a c t i v i t y  is 
-I r a e t r i c t e d  t o  thb zone. It c o n s i s t s  of t h e  region enclosed by a 3,000 f t .  
I 
1 aphere cantered on t h e  Space S t a t i o n .  
I 
7 I 
4.11.1.2 Zone 2 
I 
811 rendezvous with t h e  s t a t i o n  vill be t a r g e t e d  t o  a r r i v e  vithin t h i s  zone. 
As ehovn in f i g u r e  4.11-1, i t  extends from TBD i t .  (approximately one n.mi.) 
F ahead of the  Space S t a t i o n  t o  100 n. mi. behind i t .  Its l o c a t i o n  and s i z e  
have been dasFIpled t o  be c o n e i s t s n t  v t t h  the c u r r e n t  S t a b l e  Orb i t  Rendezvoue 
, Technique (SOB). In SO%, t h e  chaser v e h i c l e  a r r i v e s  a t  an o f f s e t  po in t  some 
I 
dis tance  behind t h e  t a r g e t  and p e r f o m  its c l o s i n g  maneuvers from t h i s  point .  
1 
Upon e n t e r i n g  Zone 1,  t h e  chaser  w i l l  move f r m  t h e  rendezvous t o  t h e  
I I 
-/ proximity operat ione p h w .  
I 
4.11.1.3 Zone 3 
I j 
4 A l l  departurea from t h e  Space S t a t i o n  vill nominally take p l a c e  v i t h r -  t h i s  
i zone a f t e r  i n i t i a l  deploymant and s e p a r a t i o n  maneuvers a r e  performed in Zone 
I 
I 1. This zone e x t a x i s  frcrm t h e  forward edge of Zone 2 t o  a p o i n t  TBD n. m i .  
I 
i 
; (approxFmately 100 n. m i . )  ahnnd of t h e  Space S t a t i o n .  It haa been l o c a t e d  

ahead of the Space S t a t i o n  t o  a i d  In c o l l i s i o n  avoidance between depar t ing  
v e h i c l e s  and the Space S t a t i o n .  4 a 
4.11.1.3.1 Terminal T r a f f i c  Control Zone 
Within t h b  zone, t r a f f i c  concen t ra t ions  become such t h a t  continuous 
d 
c ~ i c a t i o n a  nd c o n t r o l  a r e  required by t h e  Space S t a t i o n  f o r  c o l l i s i o n  
I 
extends 100 n. mi.  along t h e  Space S t a t i o n  o r b i t a l  f l i g h t  path .  
, 4.11.1.4 Zone 4 & 5 
: 
:' These tones  are dedicated t o  Co-orb i t ing  S a t e l l i t e  (COS) opera t ions .  A COS is 
j a typo, of f ree-f lyer  (IT) t h a t  possesses  some s ta t ionkeep ing  c a p a b i l i t y  and 4 
avoidance betveen s p a c e c r a f t .  Th i s  zone is approximately c y l i n d r i c a l  and is  
centered on t h e  Space S t a t i o n .  I t  has  a r a d i u s  of approximately 20 n. m i .  and 
! u t i l i z e s  t h i s  c a p a b i l i t y  t o  remain c o - o r b i t a l  v i t h  t h e  Space S t a t i o n .  As seen 
- 
J in f i g u r e  4.11-1 t h e  c y l i n d r i c a l  COS zones a r e  cen te red  about t h e  Space 
S t a t i o n  v e l o c i t y  vec to r .  Two zones a r e  a l l o c a t e d  f o r  these  PP, t o  allw f o r  
g r e a t e r  o p e r a t i o n a l  f l e x i b i l i t y .  Zone 4 begins TBD n. m i .  behind t h e  Space 
S t a t i o n .  It extends  t o  range of -1,080 n. m i  ( t h e  maximum l ine-of-s ight  (LOS) 
I range f o r  c ~ i c a t i o n s  and t r a c k i n g ) .  Zone 5 begins  TBD n. mi. ahead of 
Zone 3. It extends t o  a range of 1,080 n .  mi. ahead of t h e  Space S t a t i o n .  
4.11.1.5 Zone 6 & 7 
These tones  con ta in  t h e  Non Co-orbiting S a t e l l i t e s  (NUIS). These a r e  detached 
payloads t h a t  a r e  n o t  under Space S t a t i o n  command and c o n t r o l .  These zones 
1 a r e  loca ted  both above and below t h e  Space S t a t i o n  o r b i t  t r ack .  Two zones 
I 
./ have been a l l o c a t e d  f o r  KOS opera t ions  i n  o rder  t o  a c c d a t e  use r  
requirements.  
4.11.1.6 Zone 8 
This zone i~ t h e  p a r h g  o r b i t  u t i l i z e d  by OTV's returning frora geoeynchronoue 
' I  
TABLE 4.11-1. TIMELINE FOR -VBAR SEPARATION SEQUENCE 
ORIGINAL PAGE i$ 
OF P O O R  QUALrrY 
- -  - 
SEPARATION EVENT 
I 
0.2 fps -Vbar sep bum mnw in 
Inertial Attitude Hold (IAH). The 
other sep burns will do the same 
initial bum (opposite the docking 
port). 
Coast in Local Vertical Local 
Horizontal Attitude Hold (LVLH). 
I 
1.0 fps + Rbar rep burn mnvr in IAH. 
All rep mnvrs will do this sep bum for 
the second burn. 
1 
Auto mnvr t o  Local Vertical 
Retrograde sep burn attitude. 
End auto mnvr; continue coast t o  sep 
burn in LVLH to  achieve a separation 
distane of 1000 ft or more. 
I 
3 fps Retrograde OMSsep bum in 
IAH (this wil l  et  the vehicle approx. 
10 n mi away 9, om the Space Station) 
b I 
EVENT No. 
t 
1 
I 
2 
L 
3 
I 
4 
t 
5 
6 
L 
7 0:30:01.7 End sep bum and coast for one 
revolution in LVLH t o  the Zone-Of- 
Departure (ZOD). 
. 
8 2:OO:UO.O I Range = approx. 10 n mi. 
J L 
7lME (PET) 
l4H:MM:SS.S 
0:W:O.O 
0:00:00.8 
0: 10:00.0 
0: 10:02.6 
0: 15131.9 
0:N:OO.O 
o r b i t .  I t  may a l s o  be used by e p a c e c r a f t  r e t u r n i n g  from l u n a r  o r  p l a n e t a r y  
miss ions .  Zone 8 is loca ted  +200 n .  m i .  above t h e  Space S t a t i o n  
o r b i t  t r a c k .  
4.11.1.7 Rendezvous 
A s i m p l i s t i c  d e f i n i t i o n  of rendezvous may be e rp ressed  as t h e  a c t  of b r i n g  tw 
v e h i c l e s ,  a t a r g e t  and a chase r ,  toge the r .  The t a r g e t  v e h i c l e  is  assumed t o  
be i~ a knovn, s t a b l e  o r b i t .  The chase r  performe a series of p r e d e t e r m i n e d  
maneuvers desjgned t o  enaure  t h a t  t h e  chase r  vill rendezvous v i t h  t h e  t a r g e t  
a t  a d e n i r a b l e  p o s i t i o n  i n  t h e  t a r g e t ' s  o r b i t ,  v i t h i n  a p reec r ibed  amount of 
time. The d e s i r e d  t a r g e t  p o ~ i t i o n  a t  rendezvous depends meinly on l i g h t i n g  
c o n d i t i o n s ,  v h i l e  t h e  amount of t ime can range from hours  t o  days. I n  
genera l ,  t h e  planned rendezvous maneuvers w i l l  l eave  t h e  chaeer  v e h i c l e  i n  a 
s t a b l e  p o s i t i o n  v i t h l n  a s p e c i f i e d  d i s t a n c e  t o  t h e  t a r g e t  ( a p p r o x k t e l y  1,000 
f e e t ) .  The f i n a l  approach t o  t h e  t a r g e t  ( i n s i d e  1,000 f e e t )  is considered a 
p a r t  of PROX OPS. 
The Space S t a t i o n  rendezvous problem v a r i e s  s l i g h t l y  from t h a t  of c u r r e n t  
S h u t t l e  opera t ions .  To i l l u s t r a t e  t h e  rendezvous s c e n a r i o ,  cons ide r  t h e  Space 
S t a t i o n  i n  a 270 n. mi c i r c u l a r  c r b i t  a s  t h e  " t a r g e t , "  and t h e  OMV in a 470 n. 
m i .  c i r c u l a r  o r b i t  a s  t h e  "chaser."  I n  a d d i t i o n ,  assume t h a t  the tw o r b i t s  
a r e  coplanar .  
The i n i t i a t i o n  of the  rendezvous aequence begins  wi th  a phase-adjus t  maneuver 
(executed by the  chase r  W),  denoted as K1. This  maneuver i s  designed t o  
a l low t h e  OW t o  "catch upn t o  t h e  s t a t i o n  i n  terms of t h e  d i f f e r e n t i a l  phase 
ang le  betveen t h e  tvo  v e h i c l e s  by changing t h e  o r b i t a l  per iod of t h e  chase r .  
For t h e  a n a l y s i s  r e fe renced  h e r e ,  t h e  phase ang le  w a s  chosen ao as t o  achieve 
a rendezvous i n  a p p r o x h t e l y  24 hours.  
The next  s t e p  is  t o  p lace  t h e  OPN i n  an e l l i p t i c a l  o r b i t  v i t h  p e r i g e e  being 
a t  t h e  sanre a l t i t u d e  a s  the  s t a t i o n .  This  is accomplished v i a  a Hohmann 
t r a n s f e r  des ignated a s  N H l  vhich occurs  12.5 r e v o l u t i o n s  ( r e v s )  f o l l o v i n g  NC1.  
One-half r e v  a f t e r  N H l ,  a  second phasing maneuver, NC2,  i s  executed by t h e  MV 
t o  f u r t h e r  d iminish  t h e  catchup r a t e  between t h e  OW and t h e  Space S t a t i o n .  
This  i s  done a t  a  range of approximately 25 n. mi .  
Proper l i g h t i n g  cond i t ions  a r e  c r i t i c a l  dur ing  t h e  f i n a l  p o r t i o n s  of t h e  
rendezvous when the  maneuvers a r e  t o  be performed v i s u a l l y  by t h e  crew (manned 
v e h i c l e s )  o r  by way of a t r a f f i c  c o n t r o l l e r  us ing  re layed  Closed-Ci rcu i t  
T e l e v i s i o n  (CCTV) d a t a .  Furthermore, t h e  chaser  and t a r g e t  v e h i c l e s  must 
remain i l lumina ted  long enough t o  a l low f o r  completion of t h e  rendezvow and 
PROX OPS phases. I n  t h e  case  of unmanned rendezvous, v i t h  maneuvers being 
computed us ing  on-board s o f t v a r e ,  t h e r e  is no concern v i t h  l i g h t i n g  
requirements.  However, i t  i s  important  t o  mention he re  t h a t  a l l  e a r l y  
maneuvers a r e  designed t o  provide  t h e  c o r r e c t  cond i t ions  f o r  the f i n a l  
maneuvers. 
The c o r r e c t i v e  c m b i n a t i o n  maneuver, o r  NCC, i s  executed by t h e  OMV, a f u l l  
r e v  a f t e r  N C 2 .  This maneuver is  designed t o  p l a c e  t h e  O W  approximately 1,000 
f e e t  ahead o f ,  o r  behind t h e  s t a t i o n ,  depending on t h e  type of r e t u r n  d e s i r e d ,  
approximately 320' of t a r g e t  t r a v e l  l a t e r .  The NCC maneuver is executed 
approximately e i g h t  n. ni. behind t h e  s t a t i o n .  A .  a d d i t i o n a l  r e s p o n s i b i l i t y  
of t h e  c o r r e c t i v e  combination is  t o  t a k e  ou t  any d i s p e r s i o n s  in t h e  OMV 
t r a j e c t o r y ,  i . e . ,  h e i g h t ,  phasing,  and p lane  d i s p e r s i o n s .  
The f i n a l  maneuver i n  t h e  Space S t a t i o n  rendezvous sequence i s  t h e  NSR, o r  
n n u l l  slow r a t e s "  maneuver. NSR n u l l s  any out-of-plane v e l o c i t y  between t h e  
O W  and t h e  Space S t a t i o n .  A t  t h i s  p o i n t ,  t h e  rendezvous phase has  been 
completed and t h e  r e t u r n  p r o f i l e  PROX OPS begins .  
PZECEDINC, PAGE BLAAX NOT F K 3 E D  
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b a f i n a l  no te ,  i t  i s  important  t o  r e a l i z e  t h a t  the  above d i s c u s s i o n  w a s  
presented f o r  an OW r e t u r n i n g  t o  t h e  Space S t a t i o n  from above. The same 
d e s c r i p t i o n s  would hold f o r  an OMV rendezvous from below. The procedure i s  
t h e  same; only  t h e  a l t i t u d e s  aod t h e  d i r e c t i o n  of t r a v e l  (down vs .  up) change. 
f 
4.11.1.8 Proximity Operat ions  
PROX OPS is  concerned wi th  t h a t  p o r t i o c  of a  miss ion when two bodies  a r e  
v i t h i n  !,000 f e e t  of each o t h e r  and one is performing maneuvers r e l a t i v e  t o  
t h e  o t h e r .  These maneuvers may o r  may not  be performed manually by t h e  a c t i v e  
v e h i c l e  c o n t r o l l e r ;  however, t h e  r e s u l t s  of t h e s e  maneuvers w i l l  be monitored 
c l o s e l y  through d i r e c t  v i s u a l  o r  e l e c t r o n i c  means. PROX OPS begins  a t  t h a t  
final s t a t e  r e s u l t i n g  from t h e  rendezvous a c t i v i t i e s  (normally on t h e  p o s i t i v e  
v e l o c i t y  v e c t o r ) .  PROX OPS maneuvers may inc lude  t r a n s i t i o n s  t o  va r ious  
o f f s e t  p o i n t s ,  s t a t ionkeep ing ,  approaches,  f lya rounds ,  and t h e  s e p a r a t i o n  t o  a  
I I  stand-of f p o s i t i o n .  
Numerous o p e r a t i o n a l  c o n s i d e r a t i o n s  must be addressed regard ing  t h e  f i n a l  
p o s i t i o n  achieved by t h e  O r b i t e r  and the  PROX OPS techniques  used t o  maneuver 
t h e  v e h i c l e  t o  t h i s  p o s i t i o n .  A major concern is  t h e  e f f e c t  of t h e  RCS plume 
on t h e  t a r g e t  (plume impingement). Th i s  plume impingement c r e a t e s  problems of 
contamination and d i s tu rbance  (over-pzzssure) experienced by t h e  t a r g e t .  I n  
a d d i t i o n ,  RCS p r o p e l l a n t  usage is a l s o  c r i t i c a l .  P r o p e l l a n t  consumption 
in f luences  t h e  choice  of braking maneuvers and s t a t ionkeep ing  techniques .  A 
second concern i s  whether i t  i s  more e f f i c i e n t  t o  compute r e q u i r e d  maneuvers 
us ing  onboard t a r g e t i n g  so f tware ,  o r  t o  have t h e  crew execute  t h e  mmeuvers 
manually us ing  "ou t - the r indov"  d a t a ;  i . e . ,  Crev O p t i c a l  Alignment S igh t  
(COAS), Rendezvous Radar (BR) d a t a ,  e t c .  I n  any case ,  crew v i s i b i l i t y  and 
procedural  sFmpl ic i ty  have cons ide rab le  Impact on t h e  s e l e c t e d  maneuvers. 
Another major cons ide ra t ion  f o r  PROX OPS i s  l i g h t i n g ,  e s p e c i a l l y  dur ing  t h e  
r e t u r n  of a  v e h i c l e  t o  a  space s t a t i o n  docking p o r t .  For the  simplicity of 
t h i s  d i s c u s s i o n ,  assume an OW and t h e  O r b i t e r  a s  unmamed and manned r e t u r n  
v e h i c l e s ,  r e s p e c t i v e l y .  
F i r s t ,  consider  t h e  approach of a manned v e h i c l e  ( O r b i t e r )  toward a  Space 
S t a t i o n  docking por t  on t h e  p o s i t i v e  v e l o c i t y  v e c t o r .  During t h e  c lose - in  
approach, crew members w i l l  d e s i r e  a  h igh ly  v i s i b l e  " t a r g e t . "  I n  o rde r  t o  
achieve t h i s  end, t h e  approaching O r b i t e r  must a r r i v e  i n  the  v i c i n i t y  of t h e  
s t a t i o n  sometime dur ing d a y l i g h t ,  i . e . ,  a f t e r  s u n r i s e  and b e f o r e  o r b i t a l  noon. 
Th i s  w i l l  p l ace  t h e  sun i n  a  p o s i t i o n  somewhat "over t h e  shoulder"  of t h e  
O r b i t e r ,  h igh ly  i l l u m i n a t i n g  t h e  Space S t a t i o n  and i t s  p o r t ,  providing t h e  
crew v i t h  optimum v i s i b i l i t y .  Waiting u n t i l  a f t e r  noon t o  approach a long t h e  
p o s i t i v e  v e l o c i t y  v e c t o r  could reduce t h e  sun l i n e - o f - s i g h t  (LOS) ang le  t o  
unacceptable limits, causing t h e  crew t o  have t o  look i n t o  t h e  sun a s  they 
approach. However, t h i s  would be the  proper  time t o  approach t h e  s t a t i o n  
a long t h e  nega t ive  v e l o c i t y  v e c t o r ,  a s  t h e  sun would now be i n  a  p o s i t i o n  t o  
provide  t h e  "over-the-shoulder" i l l m i n a t i o n  from t h e  o p p o s i t e  d i r e c t i o n .  
Approaches a long t h e  two out-of-plane d i r e c t i o n s  (angular  momentum v e c t o r s )  
; ! 
, . 
and from above (along the  nega t ive  r a d i u s  v e c t o r )  a r e  accep tab le  any time , - 
1 
I 
dur ing  d a y l i g h t .  I n  t h e s e  c a s e s ,  a s  long a s  t h e  sun and t h e  docking p o r t  a r e  j ; 
: ,. 
on t h e  same s i d e  of t h e  o r b i t ,  t h e  sun vill g e n e r a l l y  be in a  p o s i t i o n  t o  
' t 
! I 
providd t h e  d e s i r e d  i l l u m i n a t i o n  02 the  s t a t i o n .  An approach from below , , 
I 
(along t h e  p o s i t i v e  r a d i u s  v e c t o r )  would ' ~ e  h i g h l y  dependent upon t h e  r e l a t i v e  . ! 1 
: 8 
( I  
p o s i t i o n s  betveen t h e  sun and t h e  s t a t i o n ,  i . e . ,  t ime of day and year .  ; I ' 
I 
However, l i g h t i n g  is  not  t h e  on ly  c r i t e r i a  used when e v a l u a t i n g  t h e  
d e s i r e a b i l i t y  of an approach d i r e c t i o n .  R e l a t i v e  motion and o r b i t a l  mechanics 
e f f e c t s  a r e  important  i n  t h e  execut ion and c o n t r o l  of PROX OPS maneuvers. I n  1 
g e n e r a l ,  approaches occur r ing  from below, e x h i b i t  a  tendency f o r  t h e  
approaching v e h i c l e  ( chase r )  t o  move away from t h e  t a r g e t  v e h i c l e  due t o  t h e  
e f f e c t s  of o r b i t a l  mechanics. Likewise,  v e h i c l e s  on t h e  v e l o c i t y  v e c t o r  
e x h i b i t  a tendency t o  remain s t a t i o n a r y  r e l a t i v e  t o  one ano the r  except  f o r  
d i f f e r e n t i a l  d rag  e f f e c t s .  Therefore ,  i n  o rde r  t o  begin t h e  d e s i r e d  motion of 
t h e  chaeer  t w a r d  t h e  t a r g e t  ( e s t a b l i s h  a  p o s i t i v e  c l o s i n g  r a t e ) ,  motion must 
be i n i t i a t e d  by t h e  chase r .  This  is not  t h e  case  f o r  out-of-plane approach 
s c e n a r i o s .  While t h e  tvo  v e h i c l e s  a r e  a t  t h e  same a l t i t u d e ,  t h e i r  o r b i t s  a r e  
not  coplanar .  Th i s  impl ies  a  nodal  i n t e r s e c t i o n  of the  o r b i t s  a t  two p o i n t s  
dur ing  a  g iven revo lu t ion .  
Therefore ,  a8 t h e  v e h i c l e s  approach an o r b i t a l  i n t e r s e c t i o n  p o i n t ,  they  w i l l  
a l r e a d y  be moving t w a r d  each o t h e r  due t o  t h e  o r b i t a l  wedge angle .  A 
p o s i t i v e  c l o s i n g  r a t e  is  c l e a r l y  e s t a b l i s h e d .  Thus, f requen t  j e t  f i r i n g s  
would be requ i red  t o  i n h i b i t  o r  reduce t h i s  r a t e .  These concerns g r e a t l y  
complicate s t a t i o n k e e p i n g  a c t i v i t i e s  and c l a s s i f y  out-of-plane approaches aa 
t h e  l e a s t  d e s i r e a b l e  from t h e  s t andpo in t  of c r e v  c o n s i d e r a t i o m .  
The above approaches assumed an LVLH s t a b i l i z e d  t a r g e t  v e c t o r  wi th  p o r t s  along 
t h e  v e l o c i t y ,  r a d i u s ,  o r  angu la r  momentum v e c t o r s .  Hwever ,  a  s t a t i o n  
s t a b i l i z e d  i n  an i n e r t i a l  a t t i t u d e  p r e s e n t s  d i f f e r e n t  a s p e c t s  on l i g h t i n g  and 
r e l a t i v e  motion. Consider a  docking p o r t  c o n f i g u r a t i o n  c o n s i s t i n g  of a s imple  
cubic  s t r u c t u r e  wi th  s i x  p o r t s ,  one on each f a c e  of t h e  cube. For a given 
d a y l i g h t  s c e n a r i o ,  wi th  t h e  eun in an a r b i t r a r y  p o s i t i o n ,  t h e  fo l lowing 
s i t u a t i o n  e x i s t s .  Due t o  t h e  i n e r t i a l  a t t i t u d e  of the  s t a t i o n  and i t s  p o r t s ,  
t h e i r  p o s i t i o n s  a r e  f i x e d  r e l a t i v e  t o  t h e  sun.  I n  a  s p e c i f i c  c a s e  Acre t h e  
sun ang le  (b) i s  0° ,  and one of t h e  p o r t s  p o i n t s  toward t h e  sun,  f o u r  of t h e  
p o r t s  (on t h e  cube) w i l l  be a t  90' ang les  wi th  r e s p e c t  t o  t h e  sun LOS. A 
f i f t h  w i l l  e s s e n t i a l l y  bs "on" t h e  LOS a t  0° ,  wi th  t h e  final p o r t  being on t h e  
LOS a t  + 180'. In  t h i s  last s i t u a t i o n  then,  a manned v e h i c l e  would have t o  
look i n t o  t h e  sun dur ing  t h e  approach no mat te r  when t h e  approach occur8 
(except darkness) .  The f i v e  remaining p o r t s  vould have adequate  l i g h t i n g  f o r  
a l l  d a y l i g h t  s i t u a t i o n s .  
L ikev i se ,  f o r  r e l a t i v e  motion c o n s i d e r a t i o n s  dur ing  the  approach, t h e  
i n e r t i a l l y  s t a b i l i z e d  s t a t i o n  vould r e q u i r e  a  d i f f e r e n t  approach philosophy. 
The i n i t i a l  approach vould be a long some p r e d e t e r m i n e d  d i r e c t i o n  (nomFnally 
the  p o s i t i v e  v e l o c i t y  v e c t o r )  a s  with the  L V '  s t a t i o n .  Hovever, a t  some 
range (approximately 200 f e e t )  t h e  chaser  would go t o  an i n e r t i a l  a t t i t u d e  
p r o f i l e  t o  match a t t i t u d e  r a t e s  wi th  t h e  t a r g e t  and cont inue t h e  approach. 
Considera t ions  f o r  approaches of unmanned v e h i c l e s  could c o n t r a s t  v i t h  those  
of t h e  p rev ious ly  d i scussed  manned O r b i t e r .  I n  both  c a s e s ,  t h e  sun p o s i t i o n  
muat be r e l e v a n t  t o  t h e  v i s u a l  d i r e c t i o n  of t h e  person/CCTV i n  c o n t r o l  of t h e  
approach. Furthermore, t h e r e  is a  dependence on t h e  type of nav iga t ion  system 
t h a t  the  v e h i c l e  employs. Assume t h e  s i t u a t i o n  of an  OMV approaching a 
s t a t i o n  along t h e  nega t ive  v e l o c i t y  v e c t o r .  I f  a  " t r a f f i c  c o n t r o l l e r 1 '  in t h e  
s t a t i o n  d e s i r e s  a v i s u a l  a c q u i s i t i o n ,  i t  i s  advantageous t o  time t h e  approach 
t o  occur betveen s u n r i s e  and noon, due t o  f avorab le  l i g h t i n g  cond i t ions .  
However, i f  t h e  OWV is  t o  r e l a y  CCTV d a t a  back t o  t h e  s t a t i o n ,  by which t h e  
opera to r  can maneuver t h e  OHV toward t h e  dock, then i t  becanes d e s i r a b l e  t o  
have t h e  CMV "back l i t ,11  i.e., t h e  approach should occur a f t e r  noon, and p r i o r  
t o  sunse t .  This  l e a d s  t o  an i n e v i t a b l e  s i tuat ion-one t h a t  c a l l s  f o r  t h e  
opera to r  t o  v i e v  t h e  OWV as i t  approrches ,  i n  a d d i t i o n  t o  m o n i t o r h g  t h e  CCTV 
d a t a  output  ( v i a  a  TV s c r e e n ) .  The sun LOS is  a l s o  important  i f  OMV guidance 
i s  dependent on a  device  s e n s i t i v e  t o  l i g h t  magnitudes ( s t a r s ,  p l a n e t s ,  e t c . ) .  
I f  such i s  t h e  c a s e ,  a  sun LOS ang le  of l e s s  than 30" may cause s a t u r a t i o n  of 
t h e  sensor  and t h e  s i g n a l  may be l o s t .  
These comments p rov ide  t h e  background f o r  d r a v i n g  t h e  f o l l o w i n g  c o n c l u s i o n  
conce rn ing  Space S t a t i o n  d e s i g n s .  By p r o v i d i n g  t h e  v a r i o u s  ~ o ~ i g u r a t i o n s  
v i t h  as many docking  p o r t s  a s  p o s s i b l e  (an  t h e  major  L W  axes )  t h e r e  may be 
f e v e r  r e s t r i c t i o n s  on approach t i m e l i n e s .  T h i s  could  be an  impor t an t  f a c t o r  
when c o n s i d e r i n g  cont ingency p l ann ing  o r  emergency o p e r a t i o n s .  
4.11.1.9 Space S t a t i o n  S e p a r a t i o n  P r o f i l e :  Miss ion  Overview 
There  a r e  a number of  p o s s i b l e  s e p a r a t i o n  s c e n a r i o s  which i n c l u d e  s e p a r a t i o n s  
from p o r t s  on t h e  r a d i u s ,  v e l o c i t y ,  o r  angu la r  momentum v e c t o r s .  These a r e  
" s t a r d a r d n  c h o i c e s ,  bu t  t hey  a r e  dependent  on t h e  l o c a t i o n  of t h e  docking  
p o r t s  vh ich  a r e ,  i n  t u r n ,  a  f u n c t i o n  of t h e  i n d i v i d u a l  s t a t i o n  c o n f i g u r a t i o n s .  
I n  o r d e r  t o  i l l u s t r a t e  a g e n e r a l  s c e n a r i o ,  c o n s i d e r  an  OTV docked t o  a p o r t  on 
a g iven  Space S t a t i o n  c o n f i g u r a t i o n .  I n i t i a l l y ,  a  small sep  burn w i l l  be 
performed t o  beg in  t h e  OTV movement away from t h e  p o r t .  The d i r e c t i o n  of t h e  
b u m  w i l l  be d i r e c t l y  away from t h e  docking p o r t  t o  maximize an opening r a t e .  
Another small, i n t e r m e d i a t e  burn may be r e q u i r e d  t o  e n s u r e  a  f a v o r a b l e  
geometry between t h e  OTV and s t a t i o n  f o r  t h e  l a r g e  s e p a r a t i o n  burn  t o  fo l low.  
A f t e r  a  c o a s t ,  t h e  OTV w i l l  p e r f o m  t h e  l a r g e  s e p  burn  t o  e n s u r e  a s e p a r a t i o n  
range  of approximate ly  10 n .  m i .  a t  OTV o r b i t a l  t r a n s f e r  b u m  i g n i t i o n .  It is 
a t  t h i s  p o i n t  t h a t  t h e  s e p a r a t i o n  sequence h a s  e s s e n t i a l l y  been completed. 
I t  should  be noted  t h a t  a l l  maneuvers performed i n  t h e  v i c i n i t y  of t h e  Space 
S t a t i o n  v i l l  be des igned such t h a t  p r o t e c t i o n  of t h e  Space S t a t i o n  and any 
co -o rb i t i ng  s a t e l l i t e s  i s  cons ide red  c o n s i s t e n t  w i t h  s a f e t y  c o n s i d e r a t i o n s .  
These i n c l u d e  p o s s i b i l i t i e s  of r e c o n t a c t ,  plume impingement, and t h e  e x p l o s i o n  
range  of t h e  OTSr upon i g n i t i o n  of i t s  upper  s t a g e .  T h i s  r ange  from t h e  
c t a t i o n  v i l l  be achieved by t h e  Om th rough a combination of  c o a s t  t imas  and 
s e p a r a t i o n  d e l t a  V ' s ,  and w i l l  be c o n s i s t e n t  w i t h  t h e  b a ~ l i n e d  OCZ. In 
a d d i t i o n ,  minimizing p r o p e l l a n t  consumption w i l l  be an impor t an t  o b j e c t i v e .  
F i n a l l y ,  i t  is assumed t h a t  t h e  s e p a r a t i o n  sequences  of t h e  OMV and t h e  
O r b i t e r  v i l l  be s i m i l a r  t o  t h a t  of t h e  OTV, i . e . ,  d i f f e r e n c e s  i n  t h e  v e h i c u l a r  
maas p r o p e r t i e s  v i l l  r e s u l t  i n  v e r y  minor changes i n  t h e  r e s p e c t i v e  r e l a t i v e  
t r a j e c t o r i e s  &.td d i f f e r i n g  amounts of p r o p e l l a n t  consumed. However, 
s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e s e  t r a j e c t o r i e s  v i l l  appea r  a f t e r  t h e  o r b i t a l  
t r a n s f e r  bu rns  due t o  t h e  d i f f e r e n t  t h rus t - t o -we igh t  r a t i o s  of  t h e  t h r e e  
v e h i c l e s .  
The s e p a r a t i o n  p rocedures  f o r  t h e  p r e v i o u s l y  mentioned s c e n a r i o s ,  p r e s e n t e d  
h e r e  i n  more d e t a i l ,  r e f l e c t  t h e  maneuvers of an O W  from t h e  Space S t a t i o n  
B u i l d i n g  Block c o n f i g u r a t i o ~  v h i c h  m a i n t a i n s  a l o c a l - v e r t i c a l ,  
l o c a l - h o r i z o n t a l  (LVLH) a t t i t u d e .  Due t o  v a r i o u s  g r o u n d r u l e s  and assumpt ions  
t h e s e  p rocedures  a r e  assumed t o  r e l a t e  e q u a l l y  v e l l  t o  t h e  Big "TI1 and D e l t a  
c o n f i g u r a t i o n r .  The o n l y  e x c e p t i o n  t o  t h i s  assumpt ion  a r e  t h e  d i f f e r e n c e s  i n  
c o n f i g u r a t i o n  b a l l i s t i c  numbers and t h e  f a c t  t h a t  t h e  D e l t a  c o n f i g u r a t i o n ,  
m a i n t a i n i n g  an i n e r t i a l  a t t i t u d e ,  may neve r  r o t a t e  such t h a t  i t s  " o f f s e t "  
p o r t s  a r e  a l i g n e d  on o r  n e a r  one of  t h e  " s t anda rd"  axes  d e s c r i b e d  p r e v i o u s l y .  
The d L f f e r e n c e s  i n  b a l l i s t i c  numbers would r e s u l t  i n  minor changes  t o  t h e  , 
r e l a t i v e  t r a j e c t o r i e s ,  v h i l e  t h e  docking  p o r t  ~ l i g n m e n t  may n e c e s s i t a t e  t h e  
development of a  new s e p a r a t i o n  p rocedure .  
Tab le  4.11-1 l i s t s  a  d e t a i l e d  t h e l i n e  f o r  a  s e p a r a t i o n  sequence  a l o n g  t h e  
n e g a t i v e  v e l o c i t y  v e c t o r .  I n  t h i s  t i n e l i n e  and t h e  accompanying r e l a t i v e  
motion p l o t s ,  a l l  bu rns  a r e  r e f e r e n c e d  t o  t h e  LVLH axes .  There  a r e  s e v e r a l  
noteworthy f e a t u r e s  con ta ined  i n  t h i s  t i m e l i n e .  F i r s t  of a l l ,  i t  is  Impor tan t  
t o  s e e  t h a t  t h i s  i s  a  s t a n d a r d i z e d  tFmelLne, i . e . ,  e v e n t  number one  i s  a 0.2 
f p s  -Vbar s e p a r a t i o n  burn  i n  I n e r t i a l  A t t i t u d e  Hold ( I A H ) ,  and would be t h e  
same f o r  a l l  docking  p o r t s .  The o n l y  e x c e p t i o n  is  t h a t  t h e  burn  w i l l  be in a 
d i r e c t i o n  away from the  p o r t  of depar tu re .  Event t h r e e ,  a  1.0 f p s  r a d i a l  
e e p a r a t i o n  burn i n  U H  i s  a l s o  i d e n t i c a l  i n  a l l  sequences. T h i s  even t ,  when 
coupled v i t h  even t s  4-7, v i l l  p lace  t h e  Om approximately '. n. m i .  ahead of 
t h e  s t a t i o n  i n  the  d e p a r t u r e  zone. Note t h a t  e v e n t s  4-6 a r e  designed t o  p lace  
t h e  OTV i n  an a t t i t u d e  such t h a t  t h e  t h r e e  f p s  O M  type  burn i s  pure ly  
r a t  rograde.  
Figure  4.11-2 I l l u s t r a t e s  t h e  r e l a t i v e  motion of t h e  OTV v i t h  r e s p e c t  t o  t h e  
Space S t a t i o n  i n  LVLB coord ina tes .  The p l o t s  show t h e  s e p a r a t i o n  from 
i n i t i a t i o n  through 30 minutes ( n e a r - f i e l d ) ,  poet-OMS b u m  ( in te rmedia te  
range), and tvo hours ( f a r f i e l a )  r e s p e c t i v e l y .  S i m i l a r  t:malines and r e l a t i v e  
motion p l o t s  r e s u l t  f o r  s e p a r a t i o n s  on each of t h e  o t h e r  major LVLli axes. 
They are not presec ted  h e r e ,  however, t o  avoid r e p e t i t i o n .  
4.11.1.10 Space S t a t i o n  Rer*lrn P r o f i l e :  Miosion Overview 
There a r e  a l s o  a number of p o s s i b l e  r e t u r n  s c e n a r i o s  which inc lude  r e t u r n s  t o  
docking p o r t e  loca ted  on t h e  r a d i u s ,  v e l o c i t y ,  and angular momentum vec to r s .  
Again, these  a r e  "standard" cho ices ,  dependent on t h e  docking p o r t  l o c a t i o n a  
which e r e  in t u r n  a f u n c t i o n  of t h e  i n d i v i d u a l  s t a t i o n  conf igura t ions .  An 
e d d i t i o n a l  choice would be an h e r t i a l l y  l o c a t e d  p o r t .  
For a genera l  raiseion overview, cons ide r  an (3WP re turn-  t o  s docking port on 
a given Space S t a t i o n  c o n f i g u r a t i o n ,  Since t h e  v e h i c l s ' e  r e t u r n  covere t h e  
PROX OP8 range of 1,000 f e e t  from t h e  s t a t i o n  t o  t h e  docking p o r t ,  i t  i e  
assrrnred t h a t  a 8 u c c e ~ s f u l ~ y  executed r e t u r n  rendsavoua p r o f i l e  h a s  placed t h e  
v e h i c l e  approximately e i g h t  n. mi. behind t h e  s t a t i o n  fn t h e  rendervous zone, 
An au to - r r tu rn  i e  then executed t o  b r i n g  t h e  OW on i n  t o  t h e  1,000 foot 
o f f s e t  p o i n t ,  e i t h e r  ahead of o r  behind t h e  e t a t i o n  depending on t h e  type of 
r e t u r n .  A l l  manewers  performad from t h e  e i g h t  n. mi. o f f s e t  p o i n t  on Fn t o  
dock a r e  assumed t o  be performad a u t o m a t i c a l l y  v i t h  an a v a i l a b l e  manual 
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over r ide .  Furthermore, assume f o r  t h i s  d i s c u s s i o n  t h a t  t h e  p o r t  is l o c a t e d  on 
t h e  s t a t i o n ' s  p o s i t i v e  Vbar. The r e t u r n  h g l n e  v i t h  f i v e  minutes of 
s t a t ionkeep ing  a t  t h e  1,000 f o o t  o f f s e t  p o i n t ,  ahead of t h e  Space S t a t i o n .  A 
c o n t r o l l e d  s e t  of range rate gatea  is then  f l o v n  t o  a p o s i t i o n  b e t u r n  100-200 
f e e t  ahead of  t h e  s t a t i o n .  At t h i s  p o i n t ,  s t a t i o n k e e p i n g  may be e s t a b l i s h e d  
t o  awai t  proper  c l o s u r e  c o n d i t i o n s  o r  t h e  approach t o  a dock may be continued.  
A t  t h e  docking p o r t ,  a s o f t  dock occurs ,  t h e  QMV c o n t r o l  system is d e a c t i v a t e d  
and a hard dock is performed. 
As v i t h  t h e  s e p a r a t i o n  sequences,  all maneuvers performed i n  t h e  v i c i n i t y  of 
t h e  Space S t a t i o n  w i l l  be designed such that p r o t e c t i o n  of t h e  s t a t i o n  and any 
c o - o r b i t i n g  s a t e l l i t e s  from p l w  iapingement and r e c o n t a c t  la considered,  
c o n s i s t e n t  v i t h  s a f e t y  cons ide ra t ions .  
A r e t u r n  t o  a p o r t  a long t h e  r a d i u s  or angular momentum v e c t o r s  would f o l l o v  
c l o s e l y  t h e  approach p resen ted  f o r  t h e  v e l o c i t y  v e c t o r ,  v i t h  t w o  except ions .  
F i r s t ,  a f t e r  t h e  initial per iod  of s t a t i o n k e e p i n g  a t  1,000 f e e t  (behind t h e  
s t a t i o n  in t h i s  c a s e ) ,  a t a r g e t e d  20 mFnutes t r a n s f e r  t o  100 f e e t  behind t h e  
s t a t i o n  is executed.  Then, t h e  fo l lowing  a d d i t i o n s 1  s t a t e k e e p i n g  a t  100 f e e t ,  
a cormtant range f lyaround is  performed, a l i g n i n g  t h e  OW v i t h  t h e  p o r t  a long 
t h e  r a d i u s  o r  out-of-plane v e c t o r ,  as necessary .  From t h i s  p o i n t  t h e  p r o f i l e s  
a r e  i d e n t i c a l  except  f o r  t h e  port of approach. Returning t o  an i n e r t i a l l y  
l m a t e d  port a l s o  fo l lows  t h e  s c e n a r i o  presented above except  in t h i s  c a s e  a t  
100 f e e t ,  t h e  vould execute  a cons tan t  range,  Eigenvector  f lyaround t o  t h e  
p o r t ' s  i n e r t i a l  a t t i t u d e ,  p r i o r  t o  beginning i ts f i n a l  approach. 
Figure  4.11-3 i l l u s t r a t e s  t h e  r e l a t i v e  motion of the OXV w i t h  r e s p e c t  t o  t h e  
s t a t i c n  f o r  t h e  +Vbar r e t u r n  i n  LVLB coord ina tes .  The p l o t s  i l l u s t r a t e  t h e  
'1 
maneuvers p e r f o d  h i d e  e i o t  a. mi, 1,000 feet raspectively. Similar 
motions r d t  for the other return ecanarioe but plo- are not *resented 
here. 
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5.0 ISSUES 
5.1 Introduct ion -
Thie sec t ion  provides a summery of the requireslents and dasiga iesuee 
idemtified but not resolved during this study. An iaeue was def ined  as a 
consideration *ere questions ex is ted  in one o r  more of the  fo l la tFng areas:  
1. Vhenever requiremaits d e f i n i t i o n s  were inadequate. 
2. Khere options o r  a l t e r n a t i v e  approacherr e x i a t  f o r  fu tu re  study. 
3. Uhere inadequate lnformetion &ta t o  permit de t a i l ed  evaluation. 
4. h e r e  developmant quastions such as r b k  aod technology a v a i l a b i l i t y  
ex i a t .  
The list of r equ i rman t s  lseuse appl ias  t o  all three  of the  configurat ions 
s tudied.  In  the list of design issues, the p a r t i c u l a r  configurat ions 
(Bnidling Block, Delta truss, o r  b ig  yn) in b%ich the  i s sue  was most 
- 
pronounced i e  i den t i f i ed .  
- 
5.2 Requirements Issuee 
1. Thermal cont ro l  f o r  hangars, s a t e l l i t e  servicing a e a ~ ,  p a y l o a h ,  cmd 
. , 
instrument rack3. 
2 .  Proximity operat ions and co-orbi t ing s a t e l l i t e  co~rmunicatioos 
continuous coverage. 
3. S ta t ion  operatione power. 
4. Payload bay docking nodule requirements f o r  buildup and operations.  
). I 
5. Orbi ter  hard docking/berthing. 
6. Module return.  
7. Single  (44 f t )  o r  double (22-ft) laboratory module 
8. Crew a c t i v i t y ,  equipmant, and u t i l i t y  f o r  CRfV, OTV, and s a t e l l i t e  
servicing.  
9. P ressur ized  d u l e  viewing. 
10. Rela t ionsh ip  betveen pla t forms and Space S t a t i o n .  
5.3 Design I s s u e s  
1. A l t e r n a t e  pover source  op t ions  ( s o l a r  thermal) .  
2. A l t e r n a t e  approaches t o  c r e v  s a f e t y  (dual  e g r e s s  vs.  s a f e  haven). 
4 
3 .  A l t e r n a t e  module arrang-te (linetar vs. r a c e t r a c k  vs .  r a f t  ve. 
4. RCS l o c a t i o n .  
5 .  Fixed vs .  o r i e n t e d  boormnounted r a d i a t o r s  - Building Block 
6. Deployed vs .  e r e c t a b l e  s t r u c t u r e .  
7. Bssembly of truss elements - Del ta ,  b i g  Yn. * 
8. I n t e r f a c e  d e f i n i t i o n  f o r  o t h e r  elements v i t h  t r u s s e s  - Delta and b i g  
9.  Connecting tunne l  i n t e r f a c e s  vith truss - D e l t a  and b i g  '7". 
10. Plume impingement e f f e c t s .  
11. Uaintentace  of boom r o t a r y  j o i n t s .  
12. S o l a r  a r r a y  high v o l t a g e  - plasma i n t e r a c t i o n s .  
13. Viewing c a p a b i l i t y  from modules - Del ta ,  b i g  9". 
14. Long d i s t a n c e  EVA - D e l t a ,  b i g  Tn. 
15. RHS requirements and implementation. 
16. Local shadoving and lor  blockage of s o l a r  a r rays .  
17.  Use of O r b i t e r  vs .  s t a t i o n  RMS vs .  automat ic  mechanisms ve. EVA f o r  
e s t a b l i s h i n g  i n t e r f a c e s  dur ing  buildup. 
18. S i z i n g  of u t i l i t i e s  i n  modules f o r  growth. 
19. Number of p ressur ized  p o r t s  t o  be  provided on i n t e r f a c e  modulas - 
Del ta  and b i g  '9". 
5.4 Cornideratione and Design Issues - Operations Accommodations 
In consideration of the ana lys is  presented here in ,  i t  is  evident that 
aeparation and rendezvou/ re turns  a r e  indeed f eas ib l e .  
Refinements of these techniquas and procedures d l  be evaluated ae t he  Space 
S ta t ion  project  moves toward an opera t iona l  e ra .  
The daeign problem of separa t ion  and r e tu rn  l i gh t ing  conet ra in ts  wae discus& 
in d e t a i l  previously. However, a more de t a i l ed  treatment of l i gh t ing  I 
considerations w i l l  be necessary when p a r t i c u l a r  mission scenarios  a r e  
- 1  
evaluated. 
A second Important issue that v i l l  inf luence the  design of these proximity 
operations procedures is Space S ta t ion  t r a f f i c  cont ro l .  Th i s  aspect  of I 
s t a t i o n  operations leads t o  addi t iona l  concerns; the  f i r s t  of thase being I 
conmrunication. The crmmntnications systame of the  varioue spacecraf t ,  in I 
add i t ion  t o  the s t a t i o n  i t s e l f ,  vFll have range l i rni ta t ione t h a t  must be met. I 
Thus, communication conat ra in ts  vill become important design considerations.  
The OCZ concept a l so  induces relevant  c m t s  t h a t  may a f f ec t  fu tu re  mission 
design. For instance,  the d e f i n i t e  loca t ion  of a -orbiting e a t e l l i t e  n e s t ,  I 
vill place r e s t r i c t i o n s  upon the  upper s t age  ign i t i on  poin ts  of separatFng I 
vehicles .  These points  of i gn i t i on  must be eelected such t h a t  once the  burn 
is i n i t i a t e d ,  the  r e su l t i ng  t r a n s f e r  t r a j ec to ry  will not carry the  vehic le  1 
i n t o  the  co-orbiting s a t e l l i t e  zone. Thus, the cont ro l  zone concept places 
eomewhat of a r e s t r i c t i o n  on the  design of the separat ion proceduras proposed 
f o r  the s t a t i on .  
The sequences presented i n  t h i s  v o w  a ra  designed such t h a t  the  separa t ing  
vehicle  ul t imately reaches an upper s t age  ign i t i on  point  located approximste!y 
10 n. mi. ahead of the  e t a t i o n  in the  designated departure zone. The 
564 
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r e s t r i c t i o n  of having a s i n g l e  zone of depar tu re  loca ted  i n  f r o n t  of t h e  
e t a t i o n  makes separa t ione  from p o r t e  loca ted  above and behind t h e  s t a t i o n  more 
complicated than Ls d e s i r a b l e .  Lu add i t ion ,  p l u m  Fmpingsmsnt is h igher  than 
rev i sed  procedures would d i c t a t e .  
r 
EstablfahFag a second depar tu re  zone h h h l  t h e  s t a t i o n  vould e x h i b i t  tw 
s i g n i f i c a n t  advantages. F i r s t  of a l l ,  a depar tu re  from above would become f 
much s impler  r e q u i r i n g  only an i n i t i a l  s e p a r a t i o n  burn f r a  the g,,:, and a 1 
second burn t o  taka  i t  t o  an upper s t a g e  i g n i t i o n  po in t .  A s e p a r a t i o n  from 
behind wuld a l s o  b e n e f i t  from a depar tu re  tone behlnd t h e  e t a t i o n .  Ln t h i s  
case,  al though a t h i r d  b u m  may be requ i red  ( t h e  second burn, nominally a 
r a d i a l  burn, may be ba s u f f i c i a n t  t o  put t h e  v e h i c l e  a t  t h e  proper i g n i t i o n  
pointe . )  , concerns v i t h  plume impingement and recon tac t  vould be g r e a t l y  
reduced. S e p a r a t i m  from ahead of and belw t h e  s t a t i o n  would be t a r g e t e d  
f o r  the tone l ead ing  t h e  s t a t i o n  a8 before .  Hovever, the burn sequences 
(Fncludlng t h e  number of hrna requ i red)  vould p a r a l l e l  those  j u s t  presented 
v i t h  t h e  same advantages. 
m e  second advantage a r i s i n g  from t h e  implamantation of a second d e p a r t u r e  I 
zone is  a reduc t ion  i n  s t a t i o n  contamination. I n  the preceding dlecuesion,  I 
t h e  burn used t o  p l a c e  t h e  v e h i c l e  on a t r a j e c t o r y  f o r  i t s  i g n i t i o n  p o i n t  may 
be executed by t h e  v e h i c l e  i n  an a t t i t u d e  t h a t  a l l w s  t h e  burn t o  be d i r e c t e d  
away from t h e  s t a t i o n .  Therefore ,  plume impingenmbt on t h e  s t a t i o n  Fs 
reduced. 
Tha dieadvantages a r i s i n g  f r m  t h e  a d d i t i o n  of a new zone a r e  t h r e e f o l d .  The 
f a c t  t h a t  a rendezvous zone is a l ready  e s t a b l i s h e d  behind t h e  s t a t i o n  would 
warrant  a d d i t i o n a l  coord ina t ion  of s e p a r a t i o n / r e t u m  activitise i n  an e f f o r t  
t o  avoid poee ib le  c o l l i a i o a e .  Also, e t a n d a r d i z a t i o n  of s e p a r a t i o n  saqueacae 
is  hindered.  The basel ined eeqwncee praecntsd in t h i a  volume were 
standardized f o r  porte  along the three  major LVLH axes and i n  a l l  caeee the  
depart ing vehic le  endad up ahead of the  s t a t i o n .  The proceduree t o  be 
amploped in the  event of addi t ion a eecond departure zone wodd be more 
d i f f i c u l t  t o  etandardize became of the  p o s e i b i l i t y  of needing addi t iona l  
burns f o r  eaparatione occurring from above o r  behind. Of course,  t h i s  
conclusion i s  a funct ion of the  umber and loca t ion  of por t s  on the Space 
S ta t ion  configuratione. 
F i ea l ly ,  addi t iona l  concern become evident with regard t o  the  vehicle  o r b i t a l  
t r aae fe r  t r a j e c t o r i e s .  Placlng the vehicles  behind the s t a t i o n  a t  upper s tage  
ign i t i on  requi res  t ha t  the  vehic le  t r a v e l  back toward the s t a t i o n  on the  
t r ans fe r  t r a j ec to ry .  Ln t h i s  case,  the 10 n. mi. eeparation range may not be 
s u f f i c i e n t ,  and a la rger  US-type separat ion d e l t a  V (and/or more coast)  would 
be needed t o  Increase the  range. Therefore, f i n a l  definition of the  OCZ 
l i m i t s  vill  be dependant on theee t r a j e c t o r y  ccmeideratious. 
The proximity operat ions t h a t  w i l l  apply t o  a neat of co-orbiting s a t e l l i t e e  
i e  one example of a fu tu re  iesue tha t  i e  a l so  of importance t o  Space S ta t ion  
design. For example, consider the proceduree t h a t  may be required i f  t h w e  
ea te l l i t e ta  a r e  attached t o  each other  v i a  a t e t h e r  o r  eFmilar device. It may 
be neceesary t o  employ e n t i r e l y  d i f f e r e n t  procedures when deal ing v i t h  
co-orbi t ing e a t e l l i t e e .  
b o t h e r  poseible study Fe t h a t  of quicecent f ree- f lyer  (FP) separat ions.  
Here, d i f f e r e n t i a l  drag e f f e c t s  may be coupled with o r b i t a l  maneuvers i n  such 
a way t h a t  a FP w i l l  eeparate  from the e t a t i o n  a t  a pos i t i ve  r a t e ,  coaet out ,  
and eventual ly begin returning t o  the 13.  tio on. Problem may a r i e e  here l n  the  
a rea  of OCZ de f in i t i ons ,  l e e , ,  how t o  cont ro l  the  FF movament so  aa t o  h e p  
the vehiclee in the "proper"  zone^. 
5.5 Comuntnications and T r a c k h a  
A requireuwnt s t i l l  e x i s t s  f r o  obecurat ion p r o f i l e s  t o  be performed Fn o r d e r  
t o  determine ff t h e  l o c a t i o n  of t h e  antennae s e l e c t e d  v l l l  provide t h e  
coverage needed t o  m e t  t h e  link requiremente. I f  blockage doae &t, 
a l t e r n a t e  loca t ion8  o r  a d d i t i o n a l  an tenmu may be mcaesary. 
h o t h e r  i s s u e  which s t i l l  has t o  be considered,  is t h e  l o c a t i o n  of the an taaaa  
and RD equipment and t h e  l o c a t i o n  of o t h e r  subeyetern hardvare  such as 
r a d i a t o r s  and s o l a r  panels  which could o f f e r  In te r fe rence .  
A t h i r d  i seue  is t h e  firmness conf igura t ion  o r iemta t ion  and the coverage 
d i c t a t e d  f o r  opera t ion  of t h e  s t a t i o n .  Coverage requirement e i g n i f i c a a t l y  
e f f e c t s  antenna eyetam s e l e c t i o n  and covarage I 8  s i g n i f i c a n t l y  e f f e c - e d  by 
Space S t a t i o n  o r i e n t a t i o n .  
5.6 User Accommodations 
For I N ,  is i t  b e t t e r  t o  have one 44 f o o t  module o r  tvo 22 f o o t  modules? 
C m n  equipment such as s a f e t y  e q u i p a n t ,  TV monitore,  and l i f e  eupport 
equipment is  needed f o r  t v o  d u l e s .  The common equipment could be reduced i n  
one 44 f o o t  module which wil l  be developed by IOC. The reduc t ion  of colPmon 
equipment would reduco v e i g h t  and volume taken by hotwehold e q u i p e m t  and 
c o s t .  It would a l l o v  t h e  u s e r s  t o  have more volume f o r  their equ ipr~an t ,  tku8 
Inc reas ing  t h e  f l e x i b i l i t y  of t h e  use r  f a c i l i t i e s  a t  IOC. Thie  seame 
f e a s i b l e ,  and we would p r e f e r  a 44 f o o t  f a c i l i t y  whi le  o t h e r s  would p r e f e r  a 
, 
22 f o o t .  Why not  provide a 44 f o o t  taet bed t o  the u s e r s  a t  IOC c a l l e d  a 
m u l t i - d i s c i p l h e  nranned resea rch  l abora to ry  t h a t  W d  stay throughout Space 
S t a t i o n  l i f e .  
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